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ABSTRACT 
Habitat Used by Ruffed Grouse 
in Northern Utah 
by 
Judith L. Landry, Master of Science 
Utah State University, 1982 
Major Professors: Dr. Frederick Lindzey, Dr. Barrie Gilbert 
Department: Wildlife Science 
vii 
Vegetation structure of sites used by ruffed grouse (Bonasa 
umbellus) hens with brood, solitary grouse, drunnning males, and ne s t i ng 
hens in northern Utah was measured in 1979 and 1980 . Univariate 
statistical techniques were used to determine general habitat 
characteristics of each group and discriminant function analysis was 
applied to the data to differentiate among groups. Most nests were 
located in maple stands (Acer grandidentatum and A. negundo) with dense 
tree canopies, low shrubs, and sparse ground vegetation. Drumming logs 
were most commonly found in densely stocked stands of aspen (Populus 
tremuloides) mixed with maple or chokecherry (Prunus virginiana) having 
a well-developed shrub layer and good horizontal visibility. The most 
important component of habitat used by solitary grouse was the dense 
shrub layer that apparently provided protection from precipitation, 
extreme temperatures, and predators. Hens with brood were connnonly 
associated with aspen and mixed aspen stands which had open canopies, 
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sparse shrub growth, and tall ground cover. Near the end of July, 
hens with brood began using habitat similar to that used by solitary 
grouse. The degree of horizontal visibility best separated habitat 
used by hens with brood and solitary grouse from the more open habitat 
associated with drumming logs and nest sites. Open tree canopy cover 
and tall shrubs best differentiated between habitat used by hens with 
brood from that used by solitary grouse. In general, many structural 
characteristics of habitat used by ruffed grouse in northern Utah 
appear similar to those reported in other areas of the species' 
range . Management strategies for use here should, however, be 
developed for small "islands" of habitat and emphasize enhancing 
structural and species diversity by planning for mixed aspen stands 
with a well-developed shrub layer. 
(152 pages) 
INTRODUCTION 
Most efforts to identify seasonal structure and composition of 
habitat associated with ruffed grouse have occurred in the eastern 
and central portions of the species' range. Basic habitat information, 
chiefly involving subjective descriptions of differential use of upland 
and lowland forest types, was published for brood range (Bump et al . 
1947:139-141, Berner and Gysel 1969, Rusch and Keith 1971, Porath and 
Vohs 1972, Godfrey 1975, Gullion 1977, Kubisiak 1978), nest sites 
(Polderboer 1942, Bump et al. 1947:128, Maxson 1978), and males and 
broodless hens (Polderboer 1942, Bump et al. 1947:593, Kubisiak 1978). 
More quantitative informa tion on the habitat structure surrounding 
drumming logs is available for several portions of the range (Palmer 
1963, Boag and Sumanik 1969, Rusch and Keith 1971, Kubisiak et al. 
1980). Habitat studies in Utah and Idaho demonstrated that drumming 
logs were commonly found in mixed aspen-maple forest types (Phillips 
1965), and that hens with brood used brushy lower slopes and ravines 
during late summer (Marshall 1946, Hungerford 1951). Robertson (1976) 
concluded that in Utah, ground cover was critical to hens with brood, 
as evidenced by movements away from areas heavily grazed by sheep, and 
that shrubs were important to solitary, drumming, and nesting grouse. 
Insufficient data exist from this region, however, to determine if 
characteristics of habitat used by ruffed grouse in this peripheral 
part of the species' range are similar enough to those reported in 
other areas to justify the use of published management strategies. 
The objective of this study was to quantify the structural 
characteristics of habitat best correlated with the presence of hens 
with brood, solitary grouse, drurmning logs, and nests. Determining 
predictable relationships between structural components of the 
vegetative community and presence of ruffed grouse is essential to 
development of appropriate management strategies (James 1971). 
Sufficient similarities between habitat configuration in northern 
Utah and that found in other areas may indicate that management designs 
resulting from other studies are also applicable here. Furthermore, 
proximate factors involved in habitat selection may be inferred by 
correlating presence of ruffed grouse with certain features of the 
environment such as terrain (Anderson and Shugart 1974), structure 
(MacArthur and MacArthur 1961), and composition (Weins and Rotenberry 
1981) of the plant communities. 
I consider selected habitat as that made up of vegetation structure 
and composition that correlates highly with presence of ruffed grouse 
and best discriminates among habitats used by hens with brood, solitary 
grouse, nesting hens, and drumming males (Orians 1971, Anderson and 
Shugart 1974). 
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STUDY AREAS 
The study was conducted on two areas, Maple Bench and Wellsville 
Canyon, both in Cache County, northern Utah, within the Wasatch-Cache 
National Forest. Maple Bench is 11.2 km west and Wellsville Canyon 
24.0 km southwest of Logan. Both areas are located in the eastern 
foothills of the Wellsville Mountains between 1730 and 1880 m elevation 
and are characterized by rolling to steep wooded hills with deep , 
brushy, dry canyons. Little freestanding water is available on either 
site. Yearly temperatures range between -23C and 35C and annual 
precipitation, falling mostly as snow, varies from 50.8 cm to 76.2 cm. 
Major cover types (defined by predominant overstory and understory 
species) on both areas range from pure maple to pure aspen stands. 
Mixed stands of aspen and maple are most common (Table 1). The degree 
of interspersion of cover types is high and small natural openings are 
scattered throughout both areas. Large areas of sapling and shrubby 
aspen and maple caused by avalanches on Maple Bench and steep terrain 
on Wellsville Canyon are common at the western periphery of both sites. 
Stands of Douglas-fir (Pseudotsuga menziesii) occur at higher elevations 
on the Wellsville Canyon site. 
Depending on the density of the tree canopy, herbaceous and 
woody ground cover layers range from sparse and simple in structure 
in pure maple stands to dense, 2-layered diverse structure in aspen 
and mixed aspen stands. Typically, these layers are dominated by 
canyon maple, sweet cicely (Osmorhiza chilensis), wild peavine 
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Table 1. Areas of major cover types on Wellsville Canyon and Maple 
Bench study sites in northern Utah. 
Cover types Maple Bench Wellsville Canyon 
(overstory-understory) area % total area % total 
(ha) area (ha) area 
Aspen-aspen 4.5 2. 7 17.4 15.8 
Maple-maple 43.3 26.3 Tr. 
a Tr. 
Aspen-maple 48. 7 29.6 59.3 53.9 
Aspen-chokecherry 10.4 6.3 Tr. Tr. 
Shrubby aspen or maple 44.6 27.1 21. 6 19.6 
Douglas fir-aspen Tr. Tr. 11. 8 10 . 7 
Openings or clearcuts 13.3 8.0 Tr. Tr. 
Total 164.8 100.0 llO.l 100.0 
aTr. = L 2% of total area. 
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(Lathyrus pauciflorus), coneflower (Rudbeckia occidentalis), and 
bracken fern (Pteridium aquilinum) (Table 2). 
The shrub layer is poorly developed in pure stands of aspen and 
maple, and diverse in both structure and composition in mixed stands. 
Common species in this layer include canyon maple, boxelder, 
chokecherry, and aspen (Table 2). 
Maple Bench has been grazed by cattle on a continuous grazing 
system since 1948 and has had 10 small (0.5 ha) clearcuts made since 
1977 in stands of maple. Disturbance on Wellsville Canyon is limited 
to seasonal guided trailriding with horses, and crosscountry skiing 
on groomed trails. 
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Table 2. Frequency of occurrence an<l number of plant species in s tructural layers in cover types on 
a Maple Bench, northern Utah, 1979-1980. 
-- ·-- ·-·-- --------------
Structural layer 
Overstory 
Total species 
Under story 
Total species 
Shrub 
Total species 
Ground cover 
(High and low 
layers combined) 
Aspc11-ci10kec her r v 
Species Freq. 
(7.) 
Populus tremuloide s 100 
P. tremuloides 
Prunus viq;l11i.1n,1 
4 
P. virgin i:111.1 
5 
Rudbeckia 
1(0 
100 
,,o 
occidental is 100 
Lnthyrus pauciflorus 98 
Ptcridium ,1quili11u~ 9) 
[lvmus spp. 9) 
~mu lo ides (,1, 
0 . .<2_hile11s~ 60 
,\gastachc urti<:_if olL , 57 
Aspe11-r;.1pl e 
Species Freq. 
m 
r. tremuloudes 94 
4 
,\. gra11didentatum 69 
Acer negundo 6) 
P. t remuloides 51 
s 
A. grandidentatum 41 
6 
Elymus spp. 9) 
R. occidentalis 86 
0. chilensis 79 
P. nguilinum 67 
L. p,1uc 1 f lorus 67 
,\. 
gritnd idcnt.1tum :,9 
Aster spp. 4(, 
--- -------·- ---- - - -- ------------ - - - -·----------·--· -- - ·-- ·---------- -- . 
Cover C \'jlt!S _ __ _ __ __ _ _ . ________ ____ ___________ 
,\S )(:II 
~1.1 11 e Shrub sta11ds 
Species f'rc<]. Species Freq. Species Freq. 
( 7.) (7.) (7.) 
r. trem11loldcs 100 Acer 100 
-------
~,J _lde11tat11m 
J 1, 
P. trernuloides 62 ,\. 97 A. 19 
G r.11ul ide11 c., t_11_11, 
~r~ndidentat~~ 
,\. !!.£...&UtldO 62 
I, 5 
A. 40 
4 1, 
grnndidentatum_ 
8 
Osmorh l za A. 
R. occiden talis 100 chile11sis 100 grand identa ~!~ 80 
L. r,1ucif lorus 100 ,\. Elymus spp. (,() 
sr:11HJ idE11 t ,1 t u_m 94 
Elvmus spp. 92 f.~~ spp . 54 Aster spp. 48 
o. chi lens is 92 ~_0_ spp. 1,6 Poa spp. I, 7 
!' . trcmuloides 9~ Smi l.1c in.1 Acid l lea 
------- ---· 
·· -- --· 
--;;;uWo l ium r,,cL'ml,s.-1 37 J8 
-- --·- ·- -r . ~{~ iJ_i~·!:! ss R. occ ide11t.1lis 37 
,\st t.:! r spp. 69 T.1r.1xacum 
offici11alc 35 
--- --
·-- - ----
"' 
Table 2. Continued. 
Structural layer 
llspen-chokecherr v 
Species Fr eq . 
Total species 
Galium spp. 
Aster spr,. 
~ - virgininna 
II. 
grnndidentntum 
Q. occidcntalis 
Valcria11a • 
occidcnt;ilis 
Bromus inermis 
Dracoceph:ilum 
parviflor;, 
39 
(i.) 
48 
1,8 
1, 8 
48 
3(, 
33 
]] 
)1 
llspen-m.ip_l_,_, __ 
Spec ies Freq. 
(i.) 
P. tremuloidc s 1,0 
40 
Cover t yres 
~> _c_,_, ___ _ 
Species 
-- - ---
Clrc;ica a lp i n;i 
Delphin ium 
occi<h.·nt.1lis 
~- ~~OS:l 
Viol.1 ~,s_t,111 11 
G,1 li11~ spp. 
,\ . urticifoli.1 
Scrophular i.1 
l ancco l:it ;i 
II. incrmis 
n. p:irvif l or.1 
l'oa spp. 
29 
Fr eq. 
(7.) 
62 
54 
46 
1,6 
38 
]8 
31 
Jl 
31 
Jl 
aOnly those species which occu rr cJ in ]07. or more of sample locations arc present CD. 
_ __ _ci_t,.1.£l.£ ____ _ 
Species Fre q. 
(i.) 
20 
Sh ru b st,1'nJs 
------ --
Spe cies Freq. 
(7.) 
]8 
-..J 
METHODS 
Flush transects were established on Maple Bench in late summer 
1979 and on Wellsville Canyon in 1980 to proportionately sample 
available cover types for grouse. On Maple Bench, however, emphasis 
was placed on carefully searching all cover types for hens with 
brood. About 64 km of transects were walked with a flushing dog on 
Wellsville Canyon and time spent in each cover type and presence of 
grouse or grouse sign was recorded. Primarily solitary grouse were 
sampled on Wellsville Canyon because of early dispersal. 
Vegetation structure and species composition were sampled as 
encountered in 1980 at locations of flushes of hens with brood, 
flushes of solitary grouse, drumming logs, and nests. Sex of 
solitary grouse could not be determined. Locations made in 1979 on 
Maple Bench we~e flagged and associated vegetation sampled during the 
corresponding season in 1980 and 1981. Nests and drumming logs were 
located during and after the breeding season. Nests were identified 
after hatching by presence of egg shells and ruffed grouse feathers. 
Drumming logs were identified by presence of droppings. 
Circular plots of 5.6 m (0.01 ha) and 2.25 m (0.0016 ha) radius 
were randomly placed within major cover types on Maple Bench to 
sample overstory and understory canopy cover and shrub and ground 
cover layers respectively. Similar plots were centered at all flush 
sites, drumming logs, and nests on both areas. The sampling scheme 
for random plots and those associated with ruffed grouse was the same 
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except that horizontal visibility and combined total tree canopy 
cover were not measured in random plots. To avoid sampling bias, 
each plot was divided into quadrants with the quadrant values averaged 
for the plot value. Vegetation was ocularly separated into as many 
as 5 layers based on the structural characteristics of the individual 
site (Table 3). Measurements and ocular estimations of structural 
characteristics of each layer were made at the point with the widest 
continuous canopy. Cover of individual layers was ocularly estimated 
using Daubenmire -coverage classes (1959). Combined canopy coverage 
of the overstory and understory was measured with a forest densiometer 
(Lemmon 1956). Density of overstory and understory trees was dete r mined 
using the point-centered quarter method (Cottam and Curtis 1956). For 
statistical purposes, density was analyzed using average distance to 
a tree rather than the calculated tree density, resulting in an inverse 
relationship between tree density and numerical value of this variable. 
Height of shrub and ground cover layers was measured using a 2 m pole 
with 10 cm increments. Horizontal visibility though the ground cover 
vegetation was determined using a 50.8 cm square checkerboard placed 
perpendicularly to the ground at the boundaries of the concentric plots. 
The percentage of 12.7 cm square blocks visible at 2.25 m and 5.6 m when 
viewed 30 cm above the ground was recorded. Slope was measured with a 
clinometer (Table 3). Locations were noted to be associated with an 
ecotone when 10 m or less from an opening or change in cover type. 
Physical characteristics of individual drunnning logs were recorded. 
Flush sites of hens with brood, flush sites of solitary grouse, 
drumming logs, and nest sites were preselected as distinct groups for 
9 
statistical analyses. Tests for proportionate use of cover types were 
made using the exact chi-square goodness of fit test (Romesburg et al. 
1981) to compensate for small "expected" values. Flush sites of 
solitary grouse on transects and drumming logs were tested for 
proportionate use of cover types based on available area of each 
cover type. The proportion of all flushes of hens with brood flushed 
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in each cover type was calculated but not tested for proportionate use 
because of sampling methods, as discussed earlier. Structural variables 
associated with solitary grouse flushes on Wellsville Canyon were tested 
against those on Maple Bench with the Mann-Whitney U test. Only those 
variables which were not significantly different (P ~ 0.05) were used 
in testing for selection of microhabitat within available cover types. 
All records of flush sites of solitary grouse, and flush sites of hens 
with brood, drumming logs, and nests on Maple Bench were classified by 
cover type used and compared to general characteristics of cover types 
on Maple Bench using either Student's t-test or an exact test for small 
sample sizes (Green 1977). Remaining univariate and multivariate 
statistical analyses were done using the Statistical Package for the 
Social Sciences - SPSS (Nie et al. 1975, Hull and Nie 1979). All data 
in units of percent were normalized using the inverse sine transformation 
(Steel and Torrie 1960), 
Univariate and multivariate comparisons among characteristics 
of ruffed grouse activity sites were done to give insight into important 
habitat components for each activity. Univariate multiple mean 
comparisons of the vegetation characteristics of groups were made using 
either oneway analysis of variance (CRD) with the Scheffe comparison 
Table 3. Characteristics of the vegetation sampled at flush sites, 
drumming logs, and nests of ruffed grouse in northern Utah, 1979-1981. 
Structural layer Variable Abbreviation Units 
Over story Overstory tree densitya ODENS m 
Over story diam. breast height ODBH cm 
Over story canopy cover ace % 
Total tree canopy cover TTCC % 
Species composition 
Under story Under story tree density UDENS m 
Under story diam. breast height UDBH cm 
Under story canopy cover ucc % 
Species composition 
Shrub Shrub canopy cover sec % 
Shrub height SH m 
Species composition 
High ground cover High ground canopy cover HGCC % 
High ground height HGH cm 
Low ground cover Low ground canopy cover LGCC % 
Low ground height LGH cm 
Species composition 
Horizontal visibility Visibility at 2.25 m VN % 
Visibility at 5.6 m VF % 
Slope Slope SLO degrees 
aDensity 2 = 10,000m /ha 
(ave. distance to tree) 2 ; see text (Cottam and Curtis 
1956). 
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test or Kruskal-Wallis analysis of variance, depending on sample 
size. 
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Stepwise discriminant function analysis was applied to the 
vegetation com ponents of the groups to eliminate the confounding 
effects of intercorrelated variables, and to determine the vegetation 
cha racteristics which best discriminated among groups (James 1971, 
Anderson and Shugart 1974). The minimum number of variables accounting 
for the maximum significant proportion of variance was used in 
subsequent analyses. All records with no missing values were used 
in initial analysis, and all records, regardless of missing values, 
were used in the final classification. 
Discriminant analysis resulted in linear equations comprised of 
coefficients weighting the variables found to have the most 
significant F values in multivariate analysis of variance. Individual 
records were subsequently entered into the linear canonical functions 
and the resultant discriminant scores plotted on either a 2-dimensional 
scatterplot for analyses resulting in 2 significant discriminant 
functions or a histogram for 1 discriminant function. In analyses 
resulting in 2 functions, a territorial map was made from the 
scatterplot to identify regions associated with group clusters. 
Distance between average discriminant scores calculated for each group 
(group centroids) indicated the degree of separation among groups. I 
used relative location of each region in relation to the variables 
weighted on the discriminant functions and repetitions of variables at 
map corners (multi.group analysis) to describe individual groups and 
define structural relationships among groups. The ability of the 
discriminant functions to correctly classify records was tested by 
determining the relationship of discriminant scores for each record 
in a group to their corresponding decision region of the territorial 
map or histogram. Records plotted outside their respective decision 
regions were considered misclassified and the probability that each 
record actually belonged to the decision region that its discriminant 
score indicated was calculated. The number of correctly and 
incorrectly classified records was determined and the proportion of 
each calculated to indicate the actual ability of the discriminant 
functions to separate groups. While these data do not meet the 
assumption of homogeneous pooled within-groups variance-covariance 
matrices (P ~ 0.05), overall chi-square tests were highly significant 
(P 2 0.001), discriminant function coefficients were ecologically 
interpretable, and there were obvious group separations in each 
discriminant function. I concluded that the analyses indicated group 
differences greater than would be produced by drawing random samples 
from a multivariate swarm as discussed by Green (1971). 
Fuzzy cluster analysis (Dunn 1974) based on Euclidean distance 
L3 
was applied to the same data to further evaluate the results of 
discriminant function analysis because the same data set was used in 
discriminant analysis to both derive the functions and classify the 
groups. Only records with no missing values were used in fuzzy cluster 
analysis. All variables entered into the analysis were weighted 
equally, unlike discriminant function analysis, which should tend to 
result in a poorer classification than that provided by discriminant 
analysis. The program was run using a preselected number of clusters, 
and the same variables which were used in discriminant analyses. Output 
consisted of identified records associated with each cluster, raw 
data for each variable associated with each record, and the strength 
of association of each record with each cluster. Mean and variance 
of each variable in each cluster was calculated and tested with those 
of each group using the Student's t-test. Lack of significant 
difference between the variable means of a cluster and that of a 
specific group (P .:;_ 0.05) identified the cluster with that group. 
Records misclassified in cluster analysis and discriminant analysis 
were compared and the proportion misclassified calculated. 
Descriptions of seasonal habitats associated with each group 
emphasize those variables indicated to be important based on both 
univariate and multivariate statistical analyses. 
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RESULTS AND DISCUSSION 
Nest Sites 
Five of 7 nests were found in mature stands of pure maple and 
the remaining 2 in mixed aspen-maple stands (Table 4). All nests 
were within 21 m of a natural opening or road. Bump et al. (1947:134) 
stated that the desirability of a nesting site was inversely 
proportional to the distance from an opening and reported most nests 
to be within 59 m of a trail or opening. A large proportion of 
nests of wild turkeys (Meleagris gallopavo) (Ligon 1946) were found 
near trails or distinct openings in the forest canopy. 
Using stages of clutches in nests and backdated ages of chicks, 
75% of all nests in this study hatched by 15 June in both 1979 and 
1980, which corresponds with nesting seasons reported in other states 
(Kupa 1966:94, Porath and Vohs 1972, Kubisiak 1978). All vegetation 
layers were well developed by onset of the incubation period (about 
20 May). Canyon maple or boxelder occurred in the overstory in 71% 
of nest locations and in the understory at all sites (Table 5). Nest 
sites were characterized by a dense total tree canopy cover, reflecting 
the contribution of the dense understory canopy (Tables 6,7). Shrub 
canopy was most dense in the irrnnediate vicinity of trees. This layer 
was chiefly composed of short maple sprouts (Table 5) growing from the 
base or boles of the trees. The ground cover . was generally sparse 
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Table 4. Proportionate use of cover types by ruffed grouse in northern 
Utah, 1979-1980. 
Cover type Hens with Solitary Drumming 
(Overstory-understory) brooda grouse logs Nestsb 
(N) (%) (%) (%) 
MBc wed MB WC MB WC 
Aspen-aspen 7 17 4 0 0 0 
Maple-maple 5 3 0 0 83 0 
Aspen-maple 31 58 29 1oo+e 17 100 
Aspen-chokecherry 15 0 38+ 0 0 0 
Shrubby aspen or maple 4 11 29 0 0 0 
Douglas-fir-aspen 0 11 0 0 
Openings or clearcuts 0 0 0 0 0 0 
aHens with brood not sampled on transects; see text for discussion. 
bsmall sample size precluded use of chi-square test. 
cMB Maple Bench 
dWC Wellsville Canyon 
eused significantly more than expected (P ;?0.01) when compared to 
proportion of cover type available (See Table 1). 
and low, mainly composed of sweet cicely and maple suckers (Table'! 
6,7). Nest sites in maple stands had significantly taller high and 
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low ground cover layers than the stand average (Table 7). Maxson (1978, 
Minnesota), however, found that, at nests successfully hatched, ground 
cover was sparse a t the beginning of incubation, but formed a den s e 
overhead canopy by the time of hatching. Predation of nests in stands 
with sparse ground cover throughout the incubation period in Minnesota 
was found to be higher than that of nests in stands with denser ground 
cover. In this area, the ground surface was covered with a deep layer 
of le aves, similar to that found in areas where ruffed grouse nested in 
Iowa (Polderboer 1942), and in sites of turkey nests in New Mexico 
(Ligon 1946). Horizontal visibility forward from nests was high becaus e 
of the clumped pattern of tree distribution, lack of shrubs be twee n 
tree clumps, and sparse ground vegetation. 
Nests were shallow depressions in the leaf litter and were found 
generally at the base of a live maple tree with trunk curving over the 
nest. Each of these nests was protected at the rear by the tree bole. 
A single nest was located under a leaning dead log. Overhead cover was 
provided by both the low shrub layer and the tree bole. Both wild 
turkeys and spruce grouse also generally nest at the base of trees or 
under leaning logs in areas where the ground vegetation is sparse (Ligon 
1946, Hillestadt 1973, Keppie and Herzog 1978). Importance of the 
presence of low shrubs directly over the nest has been demonstrated 
for sage grouse (Centrocercus urophasianus) (Klebenow 1969, Braun et al. 
1977), blue grouse (Dendragapus obscurus) (Weber 1975), turkeys (Ligon 
1946, Hillestadt 1973), and spruce grouse (Keppie and Herzog 1978). 
Table 5. Frequency of occurrence and number of plant species in structural layers at si t es of 
ruffed grouse activity in northern Utah, 1979-198la. 
St rue tural laye_r liens with brood Solitary grouse nrummin£_ _1n..&.s --- ·· N0!;ts 
-- -- -- · ·- ·- - -Species Freq . 
(%) 
Species Freq. 
(%) 
Species Fr~q. 
(%} 
Fn·q · Sp,·,· i ,· ,: (Z) 
--------------- ---------·---- .. -- - ---- -· -·- ---- ·-·---- -
0verstory 
Total species 
Understory 
Total species 
Shrub 
Total species 
Ground cover 
(lligh and low 
layers combined) 
Populus 
tremuloiJes 92 
5 
Acer 11cgu11do 47 
A. gra11Jidentatum 45 
p. tremuloides 37 
5 
p. virgi ni ana ~ 1 
A. ~.:.Ji den t ·a tum 38 
12 
El vmus spp . 8~ 
La tlwrus p,1uc if lorus 32 
0. chilensis 79 
r. trcmuloidcs 90 
4 
A. grandidentatum 81, 
p. tremuloides 39 
5 
,\, grandidentatum 73 
p. 
~i__~iana 51 
10 
~ - S!i!_ndidcntatum 77 
I_~ spp. 69 
I.. 12.auciflorus 63 
!'. tremuloi<les 90 
- -
2 
A. 
grand iden t,1 tum 60 
Prunus 
virginiana 37 
P. tremuloides 37 
4 
A. 
grandidentntum 49 
p. virgi ninna 49 
7 
,\. 
-gr;i 11dident.1tu_1T1_ 71 
Grass species 61 
!c· ~111cif loru s 61 
,\cc· r 
Si.'!_lldident:itum r,o 
A. 
Si.·~"d ide11t.1t11m 8(, 
,\. 
£._G!_1~ den tat•.'!!, 8(, 
~ 
Q,-:_m()rh i za 
chi l ens is 100 
------
,\. 
-grandidenta t11m 86 
Smi l.1cin:i 
r;1ccmos;1 
-------
7 I 
I-' 
CXl 
Table 5. Continued. 
Str uctura l layer 
Grou11d cover 
(cont.) 
Total species 
liens with brood 
Species Freq. 
(%) 
Pteridium ~'l."_iJ _!._1.'.'..'!!'_ 77 
Rud heck i:1 
-- occ!d,,,;tal!s 68 
~~1 e.1 ~i__1~ 55 
G:ilium ap:irine 
Aster spp. 
:;s-:--gr:1ndidc11t:1tum 
P . tremuloides 
60 
45 
45 
37 
37 
Solitary__g_rouse 
Species Freq. 
(%) 
Q_. chi.lensis 5 ~-
I' . virgin\.111.1 4i 
Agastache 
urticifoiia 47 
S. racemosa 45 
Berberis rcpen s 45 
r. tremuloidcs 37 
\I iol;i spp. 35 
R. occidentalis 33 
Symphorica t"("!US 
oreop_hilus 33 
60 
3 0nly those specie,; which occllrred in 30% or more of sample l ocation,; are presented. 
Drumm\11g !_<:._~- __ _ 
Species freq. 
(7.) 
S. rac~~ ,, 7 
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. __ __ ____ Ne s t_s ____ _ 
Sp PC i l"" ~:; 
1.:. P.:~~~i_f_ln_r~!s 
C r .1:;s i:;p1..•c i l': ·; 
_l·~ly_m_•0. spp . 
2(, 
FrC'] · 
(7) 
) 7 
', 7 
l,J 
f--' 
\0 
Table 6. Descriptive statistics of and multiple mean comparisons 
among habitat variables of ruffed grouse activity sites in 
northern Utah, 1979-1980. 
\'ariablc Hens with 
brood 
Solitary 
grouse 
Drumming 
logs 
Nests 
L'CC 
TTCC 
sec 
IIGCC 
LGCC 
\IN 
VF 
SLO 
SH 
HGH 
LGH 
0D!\H 
L'DBH 
-S.D. :,; X S. D. N X S . D. ., X S. D. X 
2 ,. 2A b 15. 0 3 7 12. 5 B 12. l 50 13. 2 12. 5 
1 7. 3 
7 25.6 20. 7 
16. 2 28 . 8,\ 
84.2B 
16. l B 
44. 6,\ 
·12. 211 
4 5. 3,\ 
10 . 3,\ 
19. 2 
2.0,\ 
94.0B 
2 5. l 
6. 7 
3.6,\ 
2 3. 7B 
11. 2A 
13.6 37 34.0A 20.3 50 17.4B 42.8,\ 
11 . 4 3 7 9 2. 3A 5.3 50 93.2,\ 5.5 35 94.8/\ 2.6 7 
16.3 37 39.6,\ 23.l 50 32.l,\ 19. 7 34. 3 
18.6 37 3?.91l 16.5 50 6.3C 10.3 Ii 14.4C 11.0 
21.3 37 24.4fl 17.0 50 18.8 24.6 n 10.3A 12.8 
21.5 36 45.),\ 19.4 50 72.8}:: 18.9 35 75.911 19.4 
17.8 36 7.0A 8.7 50 41.68 21. 3 35 48.8B 27.8 
I 5 . 9 3 5 2 2 . 'J ,\ I O . ', 4 5 I 6 . 8 II • C 9 . 1 3) 2 7 . 911 , IJ I O . 7 
0. 4 24 1.rn 0.2 49 I. 711 0 . 6 35 !. 2C 0.3 6 
2 3 . 5 3 7 7 4 . 9 ,\ 21 . 3 5 0 
6.8 37 24.3 4.8 49 
3. 9 21 
1. 5 22 
7.3B 
3.6,\ 
8.7 21 20.4fl 
4.3 20 8.3B 
4.5 4) 
2. 1 50 
5.9 38 
3. 7 50 
29. 5 
12.9 
5.5A 
2. SIi 
22. 7 
9.0 
2 68. 7 A 
2 21. 6 
2. 2 30 
I . 2 35 
4. 2A 
3. 2 
3. 7 28 15.4/\ 
13.li 28 8.5 
19. 2 7 
5. 1 7 
1. 4 
1. 3 
4.0 
3 . 7 
5 
3 Sce Ta ble 3 for var iable abhrcviations and unit~. 
b'lcans with different lettC'r s arc signific.:intly different (P 2 0.05). 
C 
Computed densi ti es (Cottam .:ind Curtis 195/i) 
dComputed densi ti es (Cottam and Curtis 195/i) 
are 
are 
223, 188, 331, and 567 trees/ha. 
772, 772, 1600, and 977 trees/ha 
respectively . 
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Habitat selected by ruffed grouse hens for nesting probably serves 
to conserve body heat, protect them from precipitation, and conceal 
them from predators. It is important that nesting hens be able to 
maintain body temperature with a minimum of behavioral thermoregulation. 
Although morphologically adapted to cold climatic conditions by large 
body size (Calder 1973, Sabo 1980), dense feathering (Moen 1973:Se), 
and afterfeathers (Welty 1975:30), the stress of incubation and heat 
loss through the brood patch may place additional demands on the hen. 
Structural characteristics of the habitat at nest sites in this study 
appeared to provide excellent conditions for heat conservation. Long 
periods of immobility, common during incubation (Maxson 1978), is 
important in reducing heat loss by maintaining the surface thermal 
boundary (Sabo 1980). In addition, over 75% of heat loss is attributable 
to conduction and convection losses with increasing wind velocities 
(Moen 1973:261). The dense tree canopy cover of mature maple stands, 
shrub layer in vicinity of nests, low sparse ground cover, and uneven 
leaf litter combine to minimize the chilling effects of wind at nest 
level (Kittredge 1948:66-67). However, losses due to radiation from 
the feather surface, although comparatively low, increase with decreasing 
wind velocity (Moen 1973:267). At the nest sites I located, the low 
dense shrub layer and tree bole curving over the nest probably reduced 
radiation heat loss. Calder (1973) found that branches directly over 
nests significantly reduced radiative heat loss from incubating 
hummingbirds. Additionally, dense tree canopy cover, characteristic 
of nest sites, decreased the amount of solar radiation reaching the 
forest floor, and effectively reduced daily maximum temperatures and 
increased daily minimum temperatures (Kittredge 1948:61). 
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In contrast, nest sites found in Minnesota were in open mature stands 
of aspen with dense, tall ground vegetation (Gullion 1977, Maxson 1978). 
However, June average minimum daily temperature for the mountain s of 
Cache County is colder (2.3C, NOAA 1971-1979a) than temperatures for 
the Cloquet Forest Research Center in east-central Minnesota (8.8C, 
NOAA 1971-1979b). Because temperatures are not as cold in Minnesota 
as in Utah, concealment from predators may take precedence over heat 
conservation in selection of nest sites. Alternately, cold temperatures 
in Utah may necessitate selection of habitat mainly for heat 
conservation with predator avoidance a secondary consideration. 
In northern Utah, snow and rain are common during the nesting 
season (NOAA 1971-1979a). For example, between 6 May and 6 June 1980, 
the Wellsville Mountains experienced 17 days of cold rain and an 
additional 5 days of snow, sleet, and hail. Because eggs are exposed 
during egg-laying (Maxson 1977) and the hen's movements are restricted 
during incubation, some protection from precipitation is necessary. 
Interception of rain and snow is greater under dense canopies of 
mature maple than under aspen stands (Kittredge 1948:99,113,136). 
Interception, also enhanced by the dense shrub canopy (Kittredge 1948: 
99) and curving tree bole (Calder 1973), would be especially important 
during egg-laying. Interception of precipitation is greatest at tree 
boles (Kittredge 1948:110). Since stemflow begins only after 0.8 cm 
of steady rain (Kittredge 1948:105), saturation of the nest from water 
flowing down the bole is probably not a consideration in nest location 
here because rainfall of this level seldom occurs in the mountains of 
Cache County during May and June (NOAA 1971-1979a). Nests located at 
the bas e of tr ees would be afforded the greatest protection from 
precipitation. Further, during heavy storms, tree and shrub canopies 
reduce the impact of raindrops (Kittredg e 1948:101), decreasing the 
probability of an incubating hen's feathers becoming soaked. 
Many galliforms have inconspicuous brown feathering (Welty 1975: 
49) which blends well with leaf litter. Cryptically colored birds 
also tend to remain motionless and flush as a last resort (Pettingill 
1970:194). The relatively dense shrubs directly over the nest and 
sticks and low ground vegetation function to enhance the effect of 
cryptic coloration of the hen but do not impede her escape. Sparse 
ground cover found at nest sites allowed the hen good visibility in 
3 directions and the tree bole protected her blind spot. Presumably 
the incubating hen can detect activity in her vicinity without having 
to move her head, yet can be completely screened in the region outside 
her field of vision. 
Drumming Logs 
Drumming logs (N = 35) were found in all cover types except 
Douglas-fir and pure maple, but stands of mixed aspen-maple and aspen-
chokecherry were used significantly more than their availability would 
indicate (Table 4). All drumming logs were associated with ecotones. 
In Wisconsin, drumming logs were associated with mixed hardwood stands, 
generally aspen mixed with alder (Alnus rugosa) or maple, and were 
within 40 m of an adjacent type (Kubisiak et al. 1980). I found aspen 
in the overstory at 89% of the drumming log sites with canyon maple or 
chokecherry predominant in the understory (Table 5). Aspen overstories 
and maple or chokecherry understories had relatively open canopies, but 
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total tree canopy cover and density of small diameter trees was high 
(Table 6). These charac teristics are similar to those described for 
drumming logs in Alberta (Boag and Surnanik 1969, Rusch and Keith 1971) 
and Michigan (Palmer 1963, Berner and Gysel 1969). Ground cover, 
composed mostly of very low maple suckers and sprouting herbaceous 
vegetation (Table 5) was sparse during most of the drumming season 
(Tables 6,7). Boag and Surnanik (1969) and Berner and Gysel (1969) 
felt that shrub height and canopy cover may be the most critical 
components of drumming habitat. In northern Utah, the shrub layer was 
composed of live or dead branches directly over the drumming stage. 
Horizontal visibility was high because of low densities of moderate 
height woody vegetation in the vicinity of logs. 
Logs used for drumming were generally the dominant tree species 
in the stand (aspen or maple). Average length was 5.3 rn with the 
drumming stage an average of 1.4 rn from the butt. Height of the 
drumming stage above the forest floor varied from 18.0 cm to 57.0 cm 
(X = 30.9 cm, S.D. = 11.1). All of thes e values are within the ranges 
reported in other studies (Palmer 1963, Phillips 1965, Stoll et al. 
1979). Eighty-three percent (29 of 35) of the logs had a guard object, 
such as a large tree bole, shrub tangle, or deadfall between 0.2 rn arid 
2.9 m to the rear of the drumming stage. The stage was often protected 
to the side as well by the log's butt or branches, or woody sterns. 
Selection of sites by drumming males is apparently based on 
characteristics of habitat that provide protection and concealment 
from avian predators but allow early detection of ground predators 
and of hens attracted for breeding. During the breeding season, the 
male is preoccupied to some degree with territorial and courtship 
24 
25 
displays (Bump et al. 1947:66). Because of this relaxed awareness 
of predators, it is important that the drumming log have adequate 
overhead and lateral cover, yet provide good horizontal visibility in 
the direction the bird faces while drumming. 
A dense tree canopy cover and, more importantly, shrubs or branches 
directly over the drumming stage break up the male's outline and provide 
a physical barrier against avian predators (Gullion et al. 1962, Rusch 
and Keith 1971). The relatively tall shrub layer, drumming stage 
raised above the forest floor, and short ground cover vegetation allows 
e arly detection of ground predators and hens attracted for breeding. 
This may be especially important because males may increase the 
intensity of the breeding display once the female is in sight to entice 
her to approach for breeding. The relatively open understory probably 
allows hens to quickly determine the exact location of a drunning male 
and select the safest route to the log, decreasing their vulnerability 
to predators. Horizontal cover is provided by shrub stems, residual 
branches on the drumming logs, and commonly the butt of drumming logs. 
Individual birds face the same direction from their stage for drumming 
(Aubin 1972), generally downslope, and the guard object present at the 
majority of logs provides some protection to the rear. Because males 
move about on the logs between drumming displays, increasing their 
ability to detect predators, it is probably not necessary to have the 
same degree of concealment behind the stage that hens select to the 
rear of the nest. 
It may be important that habitat conditions suitable for drumming 
occur in close proximity to dense shrubby cover. During periods of 
inclement weather or when threatened, male grouse usually use shrubby 
areas in the vicinity of their log for escape cover. An open breeding 
and display area surrounded by dense escape cover was reported to be 
selected by blue grouse (Weber 1975) and sage grouse (Wallestad 1975). 
Solitary Grouse 
Solitary ruffed grouse, presumably of both sexes, were flushed 
from all cover types except aspen-chokecherry on Wellsville Canyon but 
were most commonly found in mixed aspen-maple (Table 4). Based on 
availability of these cover types, however, this use was not found to 
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be disproportionate (P s 0.05). Seventy-eight percent of the flushes 
(39 of 50) were associated with ecotones, supporting reports that 
diversity characterized habitat used by solitary grouse (Bump et al. 
1947:594, Kubisiak 1978). Aspen occurred in the overstory at 90% and 
canyon maple in the understory at 84% of flush sites (Table 5). Total 
tree canopy cover was dense, even though canopy cover of individual tree 
layers was relatively open (Tables 6,8). Solitary grouse frequented 
thickets where the shrub layer was taller and denser than average for 
the stands (Tables 6,8) as reported in other studies (Barrett 1970:237, 
Robertson 1976, Kubisiak 1978). 
Although the primary protection that a ruffed grouse has against 
temperature extremes and precipitation is the insulating properties 
of its feathers (Moen 1973:88), the dense shrub structure that I found 
to be used by solitary grouse decreases wind velocity, important during 
periods of low temperatures, and incident solar radiation reaching the 
forest floor on hot clear days. The dense canopy coverage of the shrub 
layer also significantly increases interception of both rain and snow 
and, during heavy rainstorms, decreases size and velocity of raindrops 
(Kittredge 1948:99,101). 
Table 7 . Ve ge t ati on st r ucture of ruffed grouse drumming log and nest sites compared to average 
characterist i cs o f cove r types on Maple Ben ch, northern Utah, 1979-1980 . 
---- --- - - - - -- . 
- - --- --- ··- - -- --- ·--
Activity By occa N ucc N sec N !!CCC N LCCC N SH N llCII ~ I.CH N ODENS N llllF.NS N 01)811 
Cover Type 
-
Aspen - Ma ple 
Maple Benchb 28.8 70 32 . 0 70 10.5 70 34. 7 70 18.2 70 1. 4 57 64 . 7 70 13. 5 70 6.2 101, , .. ,. 106 21. 7 
Drumming logs 11. l 3 32.2 3 18. 7 'J I 7. 7 2 50 . 0*c 2 1.5 6 d 5.8 (, 2. ,. 6 23.6 
Aspen-
Chokecherry 
Maple Bench 19 . S 42 36. 1 42 5.6 -''2 49.8 42 40 . S 42 1. 2 34 82.1 4? 18.8 42 6.J 1, 2 J. 2 42 25 . 4 
Drumming logs 18. l 3 7.6 3 35. J* 3 0.8* 2 2.4* 2 1. 3* 8 3.9* 9 2.8 9 23.2 
Shrubby stands 
Maple Bench 40 . 9 59 18.5 59 28.2 59 25.3 59 1.0 55 65.9 51 14. 3 49 
-
l. 8 70 
- -Drumming logs l. 6* 6 I . 6 6 
~lap le-maple 
Maple Bench 78 .S 47 18.2 47 5. 5 :.7 20. 3 47 12.6 47 ]. 1 18 30.8 40 12.9 40 3.9 91 3.8 37 12. 7 
Nests 26. 4* 5 44.0* 5 20.2 5 7. 7 5 ' 1 ". - 4 61. 5* 5 22.5* 5 3.1 ·1 2.9 5 11 . l 
- - -
------ - -- - - ---
as ee Table J for vari abl e a bbr ev Lit ions. 
bs ee Appendi x f or detailed descriptive st;itistics for !laple Bench cover types. 
cSignific an tl y diffe r ent from s tructur;i\ ch;irncteristics of cover t ypes on Maple Bench (P 2. 0 . 05). 
dcould no t be t es t ed because of small s ~mplc size (~ 1) or structural layer missinR-
N lJDIIII 
70 11. (, 
3 8.0* 
42 8. 1, 
3 9. 2 
4. l 
1, 7 6. l 
3 7.9 
N 
70 
J 
42 
J 
55 
44 
5 
N 
--.J 
Table 8. Vegetation structure of flush sites of solitary ruffed grousca compared 
to average characteristics of cover types on Maple Bench, northern Utah, 1979-1980. 
----- --- -- ------- --- -------------------- ---------- - - - ---- - -- --- ---- --
Activity by 
cover ty11c 
Aspen Maple 
Maple llench c 
Flush sites 
Aspen-Aspen 
Me1ple llcnch 
Flush sites 
Maple-M.:iple 
Me1plc ll.:,111.:h 
Flush sites 
Shrubby ste111ds 
Maple lknch 
Flush sites 
occh N 
28.8 70 
l J. 9d 26 
61. (, l) 
14 . 1 * 4 
78.5 47 
14. 8* 2 
e 
llCC N 
32.0 70 
38. 5 26 
17.8 13 
23.4 4 
18.2 47 
35. 1 2 
sec N LGCC N 
10.5 70 18.2 70 
39.5* 26 22.9 26 
1. 6 
25.8* 
5.5 
14. 7 
13 68.7 13 
4 39 . 4* 4 
47 12.6 47 
2 13. 2 2 
Sil 
1. 4 
1.r, ,1 
1.5 
1. (, 
1. l 
1.8 
N 
57 
25 
5 
3 
18 
2 
40.9 59 18.5 59 28.2 59 1.0 55 
41.6 7 34.8* 7 18.8 7 1.7* 7 
1.Gll N 
13. 5 70 
2 3. l * 2(, 
21.7 13 
28.0* J 
12.9 40 
21. 9 2 
11,. 8 ~9 
2).8 7 
ODENS 
6.2 
7. I'' 
J . !, 
7.5• 
3.9 
) .2 
N 
JO!, 
26 
12 
1, 
91 
2 
llDENS 
!, • 4 
J.O 
5. 7 
4 . J 
3.8 
2.8 
1. H 
N 
106 
2(, 
I I 
4 
87 
2 
78 
aHGCC, llGll, ODllll, L:DBII differed significantly (P > 0.05) between Mapl.:, ll.:,nch and flushes of solit;irv grouse 
on Wellsville Canyon .111d ,,ere 11ot tested. - · 
bsee Table 3 for ve1ri.1b1" dcscriptions. 
cSee Appe11dix for detailed descriptive statistics for Maple Bench cover types. 
dSig11ific ,111tl y diffcr.:,11t from structur;d chare1cteristics of c,,ver C\'pes ,111 ~laplc lh•11ch (P .> 0.05) . 
e . . Could 11ot bl.' tc-st ... '<l h'"'·c~,u~l' ot sm:111 sample> size or st ruccur ~1l L1ycr missi11,:;. 
N 
co 
Dense shrub cover and sparse ground vegetation also provide a 
background color matrix of leaf litter which blends well with feather 
color. In addition, dense shrub cover breaks up the bird's outline 
and provides a physical barrier against ground and avian predators. 
Leaf accumulation in these thickets also possibly aids in concealment. 
While sitting in cover, grouse are under little stress and can maintain 
a high degree of predator awareness. Horizontal visibility in the 
immediate area of the grouse is relatively high but is greatly reduced 
at 5.6 rn because of dense shrub and ground vegetation (Table 6). 
Presumably a grouse can detect activity in its immediate vicinity and 
either remain immobile or flush, depending on the proximity of the 
intruder, reducing the need for early predator detection. Turkeys also 
used areas with dense screening shrub and ground vegetation for escape 
cover (Ligon 1946, Hillestadt 1973). 
Hens with Brood 
Hens with brood in northern Utah as in other portions of ruffed 
grouse range were closely associated with ecotones (33 of 37 flushes) 
(Polderboer 1942, Berner and Gysel 1969, Godfrey 1975, Kubisiak 1978). 
Flushes were in areas generally characterized by a low stocking of 
large diameter trees in both the overstory and understory (Table 6). 
Gullion (1977) however, felt that evenly spaced, dense (29,000 sterns/ha) 
sapling aspen stands with sparse herbaceous cover provided optimal 
brood habitat because of the protection from predators that such stands 
offered. I conunonly found hens with brood in pure and mixed aspen 
stands (Table 4). Additionally, aspen occurred in the overstory at 92% 
of flush sites (34 of 37), maple at 47% (30 of 37) and aspen at 37% 
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(14 of 37) of flush sites in the understory (Table 5). Total tree 
canopy cover was relatively open, a characteristic commonly found in 
brood habitat of ruffed grouse in other states (Bump et al. 1947:141, 
Porath and Vohs 1972, Robertson 1976), wild turkey (Bryant 1974), and 
sage grouse (Klebenow 1969). 
The shrub layer in areas used by hens with brood was very open 
(Table 6) and taller than average within mixed aspen stands (Table 9). 
Six flush sites had no shrub layer. Hens with brood used areas in 
aspen and mixed aspen stands with tall high ground cover layer which 
was generally dominated by bracken fern (Tables 5,6,9). Growth form 
of this species is characterized by a tall slim stern and broad flat 
canopy, which provides overhead cover but allows good chick mobility. 
Structure that did not impede chick mobility was suggested to be 
important in other studies (Dorney 1959, Godfrey 1975, Maxson 1978). 
Barrett (1970:198), Kubisiak (1978), and Maxson (1978) specifically 
noted that a dense layer of bracken fern was a common component of 
good brood habitat in Wisconsin and Minnesota. The low ground cover 
layer at sites used by hens with brood was more dense and taller than 
the average available in mixed aspen stands (Table 9), and was composed 
of many species suitable for food for chicks. I recorded 60 individual 
species in this diverse layer (Table 5). A dense, diverse ground cover 
is also apparently important for turkey chicks (Williams et al. 1973). 
Although structural diversity of ground cover layers (high and low) 
restricted horizontal visibility at 5.6 m, it allowed relatively 
good visibility at 2.25 m (Table 6). 
Kimmel and Samuel (1978) found that ruffed grouse chicks gradually 
changed their diet from one of primarily insects to one dominated by 
plant material at 5 to 7 weeks of age. In a companion study to this 
one, chicks were found to still be feeding on insects at at least 4 
to 5 weeks of age (K. Corts, pers. comm.). Since the majority of nests 
hatched by 15 June in this study, the dietary shift would presumably 
have been nearly completed by the end of July. Maxson (1978) reported 
that as ruffed grouse broods became more independent with age, the 
habitat they used increasingly resembled that of solitary grouse. This 
shift of habitat with age has also been reported for blue grouse 
(Zwickel 1973), sharp-tailed grouse (Pedioecetes phasianellus) (Brown 
1966), and sage grouse (Martin 1976). Accordingly, vegetation 
components of flush sites of hens with brood in June and July (early 
brood period) were tested against those of solitary grouse flushed 
throughout the summer. All variables which differed significantly 
when all sites of flushes of hens with brood were tested against 
solitary flush sites remained significantly different in this test 
(Tables 6,10). Additionally, slopes used by hens with brood during 
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the early p~riod was less steep than that used by solitary grouse (Table 
10). When sites of flushes of hens with brood in August and September 
were compared to flush sites of solitary grouse, only canopy cover of 
the low ground cover layer was found to be significantly different 
(P ,s: 0.05). These results indicate a shift in habitat used by hens 
with brood to that more characteristic of solitary grouse sometime in 
late July or early August. 
Selection of habitat by hens with brood during the early brood 
period probably reflects their needs for protection from predators and 
inclement weather and an abundant protein food source for chicks. 
Table 9. Vegetation s truc ture of flush sites of ruffed grouse hens with brood compared to average 
characteristics of cover types on Maple Bench, northern Utah, 1979-1980 . 
--- - - -- - ---- - - - . - - - - - - -
Activity By occa N ucc N sec N IIGCC N I.CCC N ~ll N 11r.11 N I.Cl! 
Cover Typ e 
---- -- -- ·· -- - ----- --- -- . - - - -
Aspen-Maple 
Maple Bencl,b 28.8 70 32.0 70 10. 5 70 34. 7 70 18. 2 70 1.1, 57 64 . 7 70 11 . 5 
Flush sites 24.5 11 32. J l I 1 3 . 6 11 1,4. l *c 11 37.8* 11 2. I' ' 7 102. V 11 :?) . Ql': 
Aspen-
Chokecherry 
Maple Bench 19.5 42 36.l 42 5.6 42 49.8 42 40.5 42 1. 2 3-'• 82 . l 42 18.8 
Flush sites 26.9 9 28.5 9 13.0* 9 48.5 9 39.4 9 2. l * 'j 9 7. 8* 9 27. 5 
Aspen-Aspen 
Maple Bench 61.6 lJ 17.8 13 1.6 13 69.3 13 68. 7 13 l. 5 5 79 . 0 13 21. 7 
Flush sites 41. 0 2 16.3 2 11. 3 2 58.8 2 19 . 2'' 2 dl06.9" 2 36.9* 
-
- ------- -
aSee Table 3 for variable abbreviations. 
bse e Appendix for detailed descriptive statis tics for ~laple Ilene!, cover r y pes. 
csignificantly different from structural cli;iracteristics of c ov e r c,·res 011 ~l.1pl<' lh-111.·h (I' '; 0.05). 
dcould not be t es ted bec.1use of sm;1ll sample size. 
N Olll-:Ns N lllll·:NS N OIJl\11 N Ullllll 
- -- - - - ----- - - -·--- - -- -- -- ------ -- --- ---- -
70 (,. 2 104 1 •. 1, 106 21 . 7 70 11.r , 
11 (>. 8 (, 3.1, 6 22. (, f, 12 . f, 
1,2 (,. 3 42 3.2 41 25. 1, 42 8 . 1, 
9 4.6 2 1~ . ,. 2 21,. J 2 10.1, 
13 3 .1, 12 5.7 l l 18. 7 13 (,. 8 
2 
N 
/(I 
r, 
I, '}_ 
1 l 
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Table 10. Descriptive statistics of and multiple mean comparisons among 
habitat variables at ruffed grouse activity sites for 2 brood periods 
and solitary grouse in northern Utah, 1979-1980. 
Variable Hens with brood 
Solitary grouse June-July August-September 
X S.D. N X S.D. N X S.D. N 
occa 12.5Ab 12.1 50 25.5B 15.2 27 15.2A 11. 8 6 
ucc 34. 0 20.3 50 30.3 12.9 27 31.1 8.6 6 
TTCC 92.3A 5.3 50 85.2B 9.0 25 86.2A 17.1 6 
sec 39.6A 23.1 50 14. lB 14.8 27 26.lA 13.6 6 
HGCC 32.9A 16.5 50 49.6B 18.1 27 28.2A 13.6 6 
LGCC 24.4A 17.0 50 35.2B 17.5 27 6.0C 4.6 6 
VN 45.3 19.4 50 42.2 19. 7 27 57.0 27.0 6 
VF 7.0 8.7 50 9.1 16.6 27 17.0 26.7 6 
SLO 22.9A 10.6 45 15.8B 14.0 25 35.0A 18.7 6 
SH 1.7A 0.2 49 2.lB 0.4 15 1. 7A 0.3 5 
HGH 74.9A 21.3 50 101. OB 20.3 27 71. 7A 26.1 6 
LGH 24.3A 4.8 49 26.9B 6.2 27 20.2A 7.8 6 
ODENS 7.3 4.5 43 6.0 2.5 11 8.7 6.1 6 
UDENS 3.6 2.1 50 3.7 1.1 12 3.7 2.2 6 
ODBH 20.4 5.9 38 22.9 7.0 11 24.6 13.6 6 
UDBH 8.3 3. 7 50 12.4 4.6 10 8.7 2.2 6 
asee Table 3 for variable abbreviations and units. 
bMeans with different letters are significantly different (P'S: 0. 05) . 
Ruffed grouse chicks generally cannot thermoregulate until 37 
to 48 days of age (Welty 1975:353). Although the hen by brooding 
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provides their greatest protection from exposure, structure of the 
habitat also makes an important contribution. The dense tall ground 
cover layer that I found to be characteristic of brood sites undoubtedl y 
decreased wind velocity which mediated the effects of cool temperatures, 
provided shade, and intercepted precipition during light showers. 
During periods of extreme temperatures or heavy rain, the habitat should 
also provide adequate cover to protect older chicks or the brooding hen. 
The maple and chokecherry component of mixed aspen stands would provide 
this need in a manner similar to that discussed for nesting hens. 
The precocial chicks have highly cryptic coloration and tend to 
"freeze" with the head flat against the ground when threatened (Welty 
1975:51). Cover needs of chicks consist of a leaf litter with possibly 
some live short herbage under which to hide. The hen generally flushes 
to a tree branch or attempts to attract predators away from the chicks 
(Bump et al. 1947:291), eliminating her need for immediately adjacent 
cover. The hen's awareness and the chicks' ability to hide reduces her 
need for early predator detection and presumably allows hens with brood 
to occupy areas with relatively dense ground cover. 
Chicks require an abundant source of insect protein for growth, 
feather development, and activity for the first 5 to 7 weeks after 
hatching (Bump et al. 1947:237-238). Forest stands with mixed species 
composition support a more diverse plant community resulting in 
increased insect diversity (Lawton 1978, Southwood et al. 1979). These 
stands also tend to have an abundance of short herbaceous plant species 
(Table 2), many of which may be commonly used for food by chicks. 
Comparisons of Habitat Characteristics Among Groups 
Discriminant function analysis was applied to habitat 
characteristics associated with flushes of hens with brood, flushes of 
solitary grouse, drumming logs, and nests. Because of small sample 
sizes for vegetation canopy cover and tree diameters for drumming logs 
(Table 6) discriminant analysis was run using only the variables shrub 
height (SH), horizontal visibility at 5.6 m (VF), total tree canopy 
cover (TTCC), and understory density (UDENS). Discriminant analysis 
of the 4 groups resulted in 2 significant canonical discriminant 
functions which separated the groups (Table 11). The first and 
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dominant function was weighted heavily by horizontal visibility, with 
understory density, shrub height, and total tree canopy cover 
contributing to a lesser degree. This function alone explained 83% of 
the total variance explained by discriminant analysis (84%). The second 
function explained an additional 16.3% of the variance and was dominated 
by shrub height. The remaining 0. 7% of the variance was accounted for 
by the third, insignificant function (x 2 = 1.39, P=0.5). 
Four group discriminant analyses dominated by horizontal visibility 
and shrub height correctly classified 71.4 % (5) of the nest sites, 51.4% 
(18) of the drumming logs, 76.0% (38) of the flush sites of solitary 
grouse, and 67.6% (25) of flush sites of hens with brood. In total, 
66.7% of all records were correctly classified (Table 12). Twenty-eight 
percent of the drumming logs were misclassified as nests, 14.3% as flush 
sites of solitary grouse, and 5. 7% as flush sites of hens with brood. 
All drumming logs misclassified as flush sites were characterized by 
low horizontal visibility and those misclassified as nests all had a 
Table 11. Significant canonical discriminant functions (P ?0.001) with associated parameters 
resulting from analysis of ruffed grouse habitat in northern Utah, 1979-1980. 
Groups included in 
analysis 
HB, SOL, DL, NSb 
HB, SOL 
Discriminant functio ns 
(standardized coe fficients) 
1. D = 0.95VFc - 0.38UDENS 
- O. 18Sll + 0.06TTCC 
2. D = 0.84S11 - 0.45TTCC 
- 0.29UDENS + 0.27VF 
D = - 0.68TTCC + 0.57SII 
Proportion of partia l 
v,,ri.,ncc "cxpl;1.incd " by 
cat'.11 function 
(%) 
83.0 
16.3 
0.511.Gll + 0.380CC + 0.36!1GII 100.0 
Ei~cnv;ilue 
1. 593 
0.302 
o. 776 
· ·- ·- . - --- . 
C111oni c'1l 
co rrelation" 
0.80 
0.48 
0.66 
asquared value of canonical correlation = proportion of Vilri:incc "expL1ined" by discriminant function analysis. 
bHB = hens with brood; SOL= solitary ~rouse; DL = drumming logs; NS= nests. 
cSee Table 3 for variable abbreviations. 
Relative 
dist.111ces 
between 
centroids 
llll-S01. 1. 30 
11B-DL 2.69 
!Ill-NS 3. J 7 
SOL-DL 2.53 
SOL-NS 2.69 
01.-NS 1. )7 
1.855 
w 
0-
Table 12. Classification of ruffed grouse group activity records by discriminant function analysis 3 • 
Number of groups 
in analysis 
4 
2 
Group 
HB 
SOL 
DL 
NS 
HB 
SOL 
HBb 
67.6 
14.0 
5.7 
0.0 
83.8 
10.0 
Classification of 
activity records 
(%) 
SOL DL 
24.3 8.1 
76.0 8.0 
14.3 51.4 
0.0 28.6 
16.2 
90.0 
aSee Table 11 for discriminant functions. 
NS 
0.0 
2.0 
28.6 
71.4 
bHB = hens with brood; SOL= solitary grouse; DL = drumming logs; NS 
Total proportion of 
activity records 
correctly classified 
66.7 
87.4 
nests. 
w 
........ 
low shrub layer. Distance between centroids and results of 
classification indicate that the second function weighted by shrub 
height poorly discriminated between flush sites and drumming log and 
nest sites, which would be expected from the results of univariate 
multiple mean comparisons (Tables 6,11,12). Shrub height, which was 
similar to that at sites used by other groups, was the primary reason 
for misclassification within these pairs. 
Not surprisingly, because of the differing visibility needs of 
the individual groups discussed earlier, the dominant discriminant 
function indicated that horizontal visibility best separated nest 
sites and drurmning logs from flush sites of hens with brood and 
solitary grouse (Fig. 1). The subordinate function separated hens 
with brood and drumming logs from solitary grouse flush sites and 
nests. However, this function accounted for very little of the 
variance, so relationships based on this function should be weak. 
Only shrub height at flush sites of hens with brood were found to be 
significantly higher than that for the other groups (Table 6). As 
discussed previously, the importance of these characteristics to the 
individual groups probably relates to their differing needs for 
protection from weather and predators. 
The relationships of variables at corners of the territorial 
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map can be used for describing individual groups. Shrub height was 
both dominant and repeated at the corner of the map associated with 
flush sites of hens with brood (Fig. 1), Again, this was expected 
based on univariate analyses (Table 6). Horizontal visibility and 
shrub height were the dominant variables associated with drumming logs. 
8 UOENS •VF SH 
(\J •SH V,H 
z 
0 
-1--
(.) 
z 
:::, 
LL. 
1-- 0 
z 
< 
z 
~ 
l:: 
-a:::: 
(.) 
ii~~s (./) ii~2s ~ 
0 
fi~ENS •VF 
-8 
-8 0 8 
DISCRIMINANT FUNCTION 1
Fig. 1. Territorial map resulting from discriminant function 
analysis among flush sites of hens with brood (HB), flush sites 
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of solitary grouse (SOL), drunnning logs (DL), and nests (NS) using 
horizontal visibility at 5.6 m (VF), shrub height (SH), understory 
density (UDENS), and total tree canopy cover (TTCC). Starred 
variables are dominant in the discriminant functions. Triangles 
indicate group centroids. See text for map interpretation. 
The shrub layer at drumming logs was significantly taller than at 
nests and was similar in height to that at flush sites of solitary 
grouse. No dominant variable was associated with solitary flush 
sites, but understory density was repeated · indicating that stocking 
of trees in the understory tends to be low. Horizontal visibility 
was positively associated with nest sites. 
Although small sample size prevented the development of a 
discriminant function to better separate drumming logs and nests, 
flush sites of hens with brood and solitary grouse were successfully 
separated with improved classification. Discriminant function 
analysis between characteristics of habitat used by hens with brood 
and solitary groue resulted in a canonical function weighted heavily 
by total tree canopy cover, shrub height, and height of low ground 
cover layer (Table 11). This function increased the distance between 
centroids of the two cohorts (Table 11) and improved classification 
of records (Table 12). Eighty-four percent of records of hens with 
brood (31 of 37) and 90% of records of solitary grouse (45 of 50) 
were correctly classified. Three flushes of solitary birds in 
Wellsville Canyon in late August were recorded as members of loosely 
aggregated broods but may have actually been recently dispersed 
juveniles, which would help to explain these misclassifications. 
Shrub height at all misclassified flush sites of hens with brood was 
very low. Misclassified records of solitary flush sites were 
generally characterized by either low total tree canopy cover or 
tall shrub or high ground cover layer. 
Based on these analyses, habitat used by hens with brood 
generally has more open total tree canopy cover, taller shrub and 
40 
>-
(.) 
z 
w 
=> 
0 
w 
~ 
LL. 
1 0 
I 
8 ~ 
I 
6 
4 
2 
0 
-4 •TTCC 
•LGH 
II 
11 r, 
I I I I 
A 0 
DISCRIMINANT 
c::::J SOLITARY GROUSE 
llffi'!'!I HENS WITH BROOD 
A GROUP CENTROID 
SCORES 
•SH 
occ 
HGH 
4 
Fig. 2. Histogram resulting from discriminan -t function analysis between flush sites of 
solitary ruffed grouse (SOL) and hens with brood (HB) using overstory tree canopy cover 
(OCC), total tree canopy cover (TTCC), shrub height (SH), low ground cover height (LGH), 
and high ground cover height (HGH). Starred variables are dominant in the function. 
See text for histogram interpretation. 
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high ground cover layers, and denser low ground and overstory canopy 
cover than that used by solitary grouse (Fig. 2). These results were 
supported statistically by univariate analysis (Table 6). 
To evaluate the ability of the 2-group and 4-group discriminant 
analyses to discriminate among and classify groups, fuzzy cluster 
analysis was applied to the same data set using the variables that 
best discriminated among groups in discriminant analysis. Four-group 
analysis was tested using 3 clusters because of small sample size for 
nests. Using Student's t-test as discussed in Methods, 1 cluster was 
identified with drumming logs and the other 2 clusters were identified 
generally with solitary grouse. Twenty-one percent (11) of the 
drumming logs included in cluster analysis were misclassified because 
of poor horizontal visibility, 8 of which were also misclassified 
by discriminant analysis for the same reason. Sixty-three percent 
of records of solitary grouse (30) were grouped in 1 cluster, and 
the records of hens with brood were approximately equally divided 
between the 2 clusters. 
In this case, cluster analysis supported the conclusion that 
the dominant variable, horizontal visibility, had sufficient power 
to discriminate between habitat used for drumming and that used by 
solitary grouse and hens with brood. However, none of the 4 variables 
used in 4-group discriminant function analysis were suitable 
discriminators between flush site of solitary grouse and hens with 
brood based on the results of cluster analysis. 
Application of fuzzy cluster analysis to the data sets for 
flush sites using the variables found to be significant in 2-group 
discriminant analysis generally supported the conclusion that the 
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discriminant function had adequate discriminating capability. 
Eighty-three percent of solitary grouse records (40 of 48) and 65% 
of hen with brood records (15 of 23) were correctly classified by 
cluster analysis. Four of 5 solitary grouse records misclassified 
by discriminant analysis were also misclassified by cluster analysis. 
Four additional records misclassified by cluster analysis were 
characterized by either lower tree canopy cover or tall shrub and 
high ground canopy layers. Two of 6 brood records misclassified by 
discriminant analysis were also misclassified by cluster analysis. 
Six additional records were misclassified by cluster analysis based 
entirely on shorter high ground cover layer. 
These r e sults indicate that the canonical discriminant function 
wei ghted by total tree canopy cover and shrub height is a potentially 
useful discriminator between habitat used by hens with brood and that 
used by solitary grouse in northern Utah . 
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MANAGEMENT IMPLICATIONS 
Although little quantitative data on structural features of 
habitat used by ruffed grouse in other parts of the species' range 
exist to compare with data presented here, general descriptions 
provided by other authors suggest that there are some structural 
similarities in habitat used in northern Utah and in other parts of 
North America. Habitat use patterns in Minnesota described by 
Gullion (1977) differ most from my data. He felt that pure aspen 
managed for a good juxtaposition of the various age classes provided 
th e best habitat for drumming, nesting, and brooding grouse. He did 
suggest, however, that at lower densities, such as experienced in 
this study, shade tolerant hardwood species in tree and shrub layers 
under a dominant aspen overstory may provide adequate habitat. Other 
studies done in Minnesota indicated that alder mixed with hardwood 
and mixed conifer-hardwood stands were indeed important and that such 
areas were often used to a greater degree than their availability 
would suggest (Kupa 1966:94-95, Barrett 1970:197,237; Godfrey 1975, 
Maxson 1978). 
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Two major points should be considered in developing any ruffed 
grouse management plan. First, broods require a high diversity in 
both species composition and vegetation structure to provide protection 
from weather and predators while at the same time furnishing an 
abundant and accessible food source. Secondly, such diversity will 
increase the probability that the same area could supply the needs 
of breeding and solitary grouse as well. 
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Pure uneven-aged stands of aspen do not appear to be a necessary 
habitat component for ruffed grouse in northern Utah, but stands 
with aspen mixed with another hardwood species appear to provide 
the necessary diversity in the shrub and ground cover layers. During 
spring, summer, and fall, structure of the shrub layer and structure 
and composition of the ground cover layers have the largest effect 
on suitability of habitat for all major ruffed grouse activities. 
In both Utah (Robertson 1976) and New York (Bump et al. 194 7: 641), 
heavy grazing by livestock was found to be very detrimental to 
ruffed grouse, particularly hens with brood, because it removed shrub 
and ground vegetation necessary for cover. Limited data from this 
study also suggest that in regions with extended periods of cold wet 
conditions during the breeding and nesting season, mature maple stands 
are important for nesting. 
Management plans for ruffed grouse in northern Utah may use 
several aspects of designs proposed for other states. Berner and 
Gysel (1969) and Gullion (1977) agree that a management unit should 
be no larger than 16 ha in size and positioned so that all components 
of that unit are available to each 4 ha grouse activity center within 
that unit. Each management unit should include suitable cover types 
for brood habitat, breeding habitat, and cover for solitary grouse. 
However, ruffed grouse habitat in Utah often occurs in small "islands" 
so management strategies must be sufficiently flexible to apply to 
particular site conditions. 
Designs in Michigan and Minnesota (Berner and Gysel 1969, Gullion 
1977) emphasize management for stands of pure aspen of various age 
classes. However, I suggest that management strategies for northern 
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Utah plan for a good interspersion of mixed aspen and mature maple 
stands for all ruffed grouse activities during spring, summer, and 
fall. Open canopies with diverse ground cover vegetation are necessary 
for hens with brood, and stands with a well-developed shrub layer 
must be provided for drumming and solitary grouse. The relationship 
of clearcuts and resultant dense sapling stands to the quality of 
brood habitat, suggested to be important in Michigan (Berner and 
Gysel 1969), Minnesota (Gullion 1977), and New York (Bump et al. 
1947:614) needs further investigation in Utah. This preliminary 
investigation indicates that diversity in and among forest communities 
i n northern Utah is the ultimate consideration in management of ruffed 
grouse. 
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Appendix A 
Cover Type Maps of Study Areas 

120m 
Fig. 3. Cover type map of Maple Bench, Cache County, Utah (TllN, R2W, 
S13, 14; TllN, RlW, S18, 19), 1980. 
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N 
1cm = 100m 
Fig. 4. Cover type map of Wellsville Canyon, Cache County, Utah 
(TlON, RlE, S20), 1980. 
Appendix B 
List of Plant Species Observed on Maple Bench, Cache County, Utah, 
1979-1980. 3 
Trees 
Acer glabrum 
A. grandidentatum 
A. negundo 
Juniperus communis 
Pinus ponderosa 
Shrubs 
Amelanchier utahensis 
Artemisia tridentata 
Ceanothus velutinus 
Cornus stolonifera 
Pachistima myrsinites 
Physocarpus malvaceus 
Forbs 
Achillea millefolium 
Actaea rubra 
Agastache urticifolia 
Allium acuminatum 
!::_. bisceptrum 
Apocynum androsaemifolium 
Aquilegia coerula 
Arctium minus 
Populus tremuloides 
Prunus virginiana 
Pseudotsuga menziesii 
Salix scouleriana 
Ribes aureum 
Rosa woodsii 
Salix scouleriana 
Sambucus cerulea 
~- melanocarpa 
Symphoricarpos oreophilus 
Artemisia ludoviciana 
Aster foliaceus 
A. hesperius 
A. integrifolius 
Balsamorhiza macrophylla 
Berberis repens 
Brickellia grandiflora 
Capsella bursa-pastoris 
60 
Castilleja miniata 
Chaenactis douglasii 
Chenopodium fremontii 
C. hybridum 
C. rubrum 
Circaea alpina 
Cirsium vulgare 
Claytonia lanceolata 
Collinsia parviflora 
Collomia spp. 
Corallorhiza maculata 
Crepis acuminata 
C. run c inat a 
Cynoglossum officinale 
Cystopteris fra...8.!l_is 
Delphinium nuttallianum 
D. oc c identale 
Descurainia richardsonii 
Dicentra uniflora 
Dipsacus sylvestris , 
Dracocephalum parviflorum 
Erigeron speciosus 
Erythronium grandiflorum 
Euphorbia spp. 
Fritillaria atropurpurea 
F. pudica 
Galium aparine 
G. triflorum 
Geranium fremontii 
Gilia aggregata 
Grindelia squarrosa 
Hackelia floribunda 
!!_. patens 
Helianthella uniflora 
Hydrophyllum capitatum 
Lathyrus pauciflorus 
Lithophragma parviflora 
Lomatium bicolor 
L. dissectum 
L. ~ 
Lupinus caudatus 
Melilotus alba 
M. officinalis 
Mertensia oblongifolia 
Microseris nutans 
Mitella stauropetala 
Montia perfoliata 
Nemophila breviflora 
Nepeta cataria 
Orogenia linearifolia 
Osmorhiza chilensis 
0. occidentalis 
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Pensternon cyaneus 
Perideridia gairdneri 
Phacelia het e rophylla 
Polygonurn convolvulus 
f. douglasii 
Pteridiurn aquilinurn 
Rudbe ckia occidentalis 
Rurnex occidentalis 
Scrophularia lanceolata 
Senecio integerrimus 
S. serra 
S. vulgaris 
Srnilacina racemosa 
Grasses and Sedges 
Agropyron cristaturn 
12_. spica turn 
Bromus brizaeforrnis · 
B. carinatus 
B. inermis 
Carex hoodii 
aHitchcock, C. L., and A. Cronquist. 
Northwest: An Illustrated Manual. 
Press, Seattle. 730pp. used as the 
names. 
S. stellata 
Solidago rnissouriensis 
Sonchus arvensis 
Stellaria jamesiana 
Taraxacum officinale 
Thalictrum fendleri 
Tragopogon dubius 
Urtica dioica 
Valeriana occidentalis 
Verbascurn thapsus 
Veronica biloba 
Viguiera rnultiflora 
Viola nuttallii 
Festuca rubra 
Phleum pratense 
Poa bulbosa 
P. pratensis 
P. sandbergii 
1973. Flora of the Pacific 
University of Washington 
authority for all scientific 
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Appendix C 
Vegetation Characteristics of Maple Bench Cover Types 
Maple Cover Type 
Maple Bench was named for the relatively extensive stands of pure 
maple (Acer grandidentatum and Acer negundo) found on the area. Canyon 
maple grows in approximately even-aged clumps, often with several less 
vigorous stems growing on the periphery of the clump. This growth 
results in a dense overstory canopy cover, which is usually almost 
completely closed (Table 13). The shrub layer is very poorly developed, 
consisting primarily of maple suckers or saplings. The dense overstory 
canopy cover restricts growth of both herbaceous and woody ground cover . 
The most common species in the ground cover layers are canyon maple 
and Osmorhiza chilensis (Table 14). 
Boxelder stands are also characterized by clumped tree distribution. 
The canopy is generally closed in these stands, due to approximately 
equal contribution by both the overstory and understory. Again, the 
shrub layer is very poorly developed. The ground cover layers, 
particularly the taller layer, are more extensive and diverse than those 
found in canyon maple stands. Agastache urticifolia, Urtica dioica, 
Osmorhiza chilensis, and Elymus spp. are the most common species in 
these layers (Table 14). 
Aspen Cover Type 
Pure aspen (Populus tremuloides) is limited to one stand on Maple 
Bench (Fig. S}. The stand is generally composed of widely spaced, large 
diameter trees which are overmature and beginning to lose vigor (Table 
15). The understory consists of sparsely distributed aspen suckers with 
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small diameters and open canopy. The shrub layer is very poorly 
developed. Both ground cover layers are dense and very diverse. The 
taller ground cover layer is primarily composed of Rudbeckia 
occidentalis, Elymus spp., Pteridium aquilinum, and Bromus inermis 
(Table 16). Lathyrus pauciflorus, Osmorhiza chilensis, and Elymus 
spp. are commonly found in the low ground cover layer. 
Shrubby and Sapling Cover Type 
These stands are found either in snow avalanche chutes or in areas 
where maple has invaded sagebrush-grass stands. With the exception of 
individual trees which escaped avalanches, the overstory is primarily 
absent. Species composition of the understory in avalanche chutes is 
dependent on the composition prior to disturbance, as Acer 
.B.E_andidentatu~,, Acer negundo, and Prunus virginiana are all vigorous 
sprouters. 
Tree density is very high, but average canopy cover is less than 
60% (Table 17). The shrub layer is moderately well developed and 
generally comprised of suckers and saplings. Ground cover layers are 
best developed in areas with reduced tree stocking and small quantities 
of downed timber, resulting in patchy distribution throughout the 
stands. Species indicative of disturbance, such as Acer grandidentatum, 
Elymus spp., Achillea millefolium, and Rudbeckia occidentalis, are 
common in these layers (Table 18). 
Mixed Aspen-Chokecherry Cover Ty~e 
This cover type is found in the southeastern portion of Maple Bench 
(Fig. 5). The overstory is composed primarily of widely spaced, large 
diameter aspen with open canopy (Table 19). The understory is more 
densely stocked with smaller diameter chokecherry which has a denser 
canopy coverage (Table 20). The sparse shrub layer is chiefly made up 
of chokecherry sprouts. Both layers of the ground cover are dense and 
diverse. The high ground cover layer is very tall and dominated by 
Rudbeckia occidentalis, Pteridium aguilinum, and Elymus spp. The low 
ground cover layer is a great deal shorter with Lathyrus pauciflorus 
most frequently occurring in this layer. 
Mixed Aspen-Maple Cover Type 
This is the most common cover type on Maple Bench (Fig. 5). It 
is characterized by an open overstory made up primarily of large 
diameter aspen and boxelder and a dense und e rstory of smaller diameter 
boxelder and canyon maple (Tables 21 and 22). The shrub layer, made 
up mainly of sprouts and suckers, is well developed in the vicinity of 
th e understory tree clumps. Structurally, ground cover layers are most 
dense and tallest under canopy openings and sparsest near understory 
tree clumps. The taller ground cover layer is generally dominated by 
Rudbeckia occidentalis, Elymus spp. and Pteridium aguilinum. The low 
ground cover layer is a diverse mixture of herbaceous species such as 
El~ spp., Lathyrus pauciflorus, and Osmorhiza chilensis (Table 22). 
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--- Secondary road 
Trail 
Over story 
1 Acer grandidentatum 
2 Acer grandidentatum 
4 Populus tremuloides 
5 Populus tremuloides 
6 
7 
8 Not sampleda 
9 Populus tremuloides 
10 Populus tremuloides 
11 
12 Populus tremuloides 
13 Populus tremuloides 
14 Populus tremuloides 
15 Populus tremuloides 
17 
18 
19 Acer grandi<lentatum 
20 Populus tremuloides 
21 Populus tremuloides 
22 ~cer negundo 
23 
25 Acer grandidentatum 
26 Populus tremuloides 
27 Acer grandidentatum 
28 
29 
30 Populus tremuloides 
35 Populus tremuloides 
37 Acer grandidentatum 
38 Acer grandidentatum 
39 Acer grandidentatum 
40 Populus tremuloides 
0 Maple clearcuts 
Legend 
Under story 
/ Acer grandidentatum 
/ Acer grandidentatum 
/ Populus tremuloides 
/ Prunus virginiana-Acer negundo 
/ Populus tremuloides-Prunus virginiana 
/ Acer grandidentatum 
/ Prunus virginiana-Populus tremuloides 
/ Acer grandidentatum 
/ Acer grandidentatum 
/ Prunus virginiana-Populus tremuloides 
/ Prunus virginiana-Populus tremuloides 
/ Acer negundo-Populus tremuloides 
/ Acer negundo-Populus tremuloides 
/ Populus tremuloides 
/ Acer grandidentatum-Prunus virginiana 
I Acer grandidentatum 
I Acer negundo-Acer grandidentatum-
Populus tremuloides 
/ Acer negundo-Acer grandidentatum 
I Acer negundo 
/ Acer grandidentatum 
I Acer grandidentatum 
/ Acer grandidentatum 
/ Acer grandidentatum 
/ Prunus virginiana-Acer grandidentatum-
Acer negundo 
/ Populus tremuloides-Prunus virginiana-
Acer negundo 
/ Populus tremuloides-Acer grandidentatum 
I 
/ Acer grandidentatum 
/ Acer grandidentatum 
I Acer grandidentatum 
/ Populus tremuloides-Acer negundo 
aSee Fig. 3 for cover types of unsampled community types. 
120m 
Fig . S. Community type map of Maple Bench, Cache County, Utah (TllN, 
R2W, S13, 14; TllN, RlW, S18, 19), 1980 . 
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Table 13. Structural characteristics of maple cover 
Cache County, Utah, 1979-1980. 
-- --- --
lligh Low 
Overstorv U11derstory Shrub Ground Grou11d 
Canopy C,111opy Ca11opy C1nopy Canopy 
Cover Cover Cover Cover Cover 
7. i. i. I. I. 
Acer grandidentatum 
(l)C 
X 91. 1 19.9 2.0 4.3 32.7 
S.D. 9.8 20.3 4. 2 7. 5 14.0 
N 10 10 10 10 10 
Maximum value 95.0 62.5 12.5 21. 3 56. 3 
Minimum value 61. 3 0.0 0.0 0.0 10.0 
A. grandidentatum 
(2) 
X 79. 7 15.4 10.5 35. 7 10.0 
s.o. 12.5 9. 1 12. l 12.4 18.3 
N 14 14 14 14 14 
Maximum value 95.0 32.5 31. 3 56.3 62.5 
Minimum value 55.0 3.8 0.0 15.0 o.o 
type on Maple Bench, Cache-Wasatch National Forest, 
------ -·- --
Variable 
----· ----- - . - . - - - -·- - -·-
High Low 
Ground Ground 
Shrub Veg1J.tatio11 Vcgctc1t::.011 Overstory' 1 Understoryh Overstory U11dcrstor y 
!lei ghc llcight lldgh t Dc11sity De11sity ll!.ime tc r Oi,1mctPr 
m cm cm m m cm cm 
------
l. 4 42.2 16.6 2.9 3. 1. 13. 6 7.2 
--- --- 4 . 3 0.8 1.0 3 . 0 2.3 
3 3 10 10 8 10 8 
1.5 50.0 27.5 4.2 5. l 18. 5 11. 4 
l. 3 36. 7 12. 5 1.7 1.7 9.5 3.9 
o. 7 27.7 14.0 2. 7 3.5 l 5. l 6 . 9 
0.3 8.4 6.8 1.0 1. 7 I,.) 2 .9 
8 14 6 14 14 14 14 
1.5 47.5 21. 3 4.8 8.J 26.8 12. 6 
0.4 17 . 5 5.0 0.8 2.0 8.9 3.5 
°' 00 
Tabl e 13. Cont i nue d. 
ltigh Low 
0verstory Understory Shrub Ground Grouud 
Cano py Canopy Canopy Canopy Canopy 
Cove r Cover Cover Cove r Cover 
% % % % % 
A. grandidentatum 
(19) 
X 92.) 8.9 o.o 5.5 0 
S .D . 7 . 1 8. 7 0.0 5.5 0.0 
N 10 10 10 10 10 
Maximum va lue 95. 0 26. 3 0.0 10.0 0.0 
Mi nimum val ue 72. S 0.0 0.0 5. 0 o.o 
A. negund o_ 
( 22)(S e) 
X 4 7 . 1 30. 7 8.8 23. 7 s. 7 
S . D. 21. 2 13. 3 10 . 0 11.0 8.0 
N 10 10 10 10 6 
Maxi mum va l ue 68.8 43.8 26.) 41. 7 21. 3 
Minimum valu e 20. 0 5.0 0.0 s.o 1.0 
Variable 
lligh Low 
Grou nd Ground 
Shrub Vegetation Vegetation 
lleight llcight lleight 
m cm c-m 
--- 13.9 - - -
--- 6.6 ---
--- 10 ---
- - - )1.) ---
--- 10.0 ---
1.5 48.9 10. 1 
o.o 8.7 4.0 
10 10 10 
1.8 65.0 20.0 
1. 3 35.0 5.0 
- - ---- - - -·--- -- -
0verstory llnJcrstory 
llenslty Density 
m m 
-- -- -- - -- ---·· 
2.4 3. 7 
0.8 1. 3 
10 8 
3. 5 5.9 
1.1, l .I, 
3.5 3.3 
1.6 1.0 
10 10 
6.5 4.9 
1.9 1. 4 
0ve r sto r y 
Di.1meter 
cm 
11. 7 
2. 4 
10 
15.5 
8.5 
9.2 
1.1 
10 
10.6 
7. 2 
UnJ ers t ory 
ll!nmet,·r 
,:m 
4.8 
0.6 
9 
5.9 
4. 1 
5 . 8 
0.8 
10 
7.2 
4 . 5 
°' 
'° 
Table 13. Contin ued . 
lligh Lov 
Overst o r y Under story Shrub Ground C.round 
Canopy Canopy Canopy Canopy C.111opy 
Cove r Cover Cover Cover Cover 
7. 7. % 7. % 
A. grandidentatum 
(25) 
X d 
S.D. 
N 
Maximum valu e 
Minimum valu e 
k . grandidentatum 
(27) 
X d 
S.D 
N 
Maximum val ue 
Min imum value 
\ '.1 r iahlc 
iligh Lov 
Ground Ground 
Shrub Vcgct,1tion Vegetation 
lldght Height Height 
m cm cm 
-------
0vcrstory 
Density 
m 
Undc r storv 
lknsity 
m 
---------
0vcrstory 
lll.imetcr 
cm 
6. 1 
2. 1 
9 
9.8 
3.8 
4.6 
2. 4 
10 
8.2 
1. 6 
Under story 
lJ i.1mc tc r 
cm 
6.0 
2. 1 
9 
9.8 
).9 
2.9 
1. 2 
10 
4 . 8 
1. l 
--.J 
0 
Table 13. Continued. 
\' ,1rlablc 
-------- -- - --------- ---- ----- --- -- - --- - - ----- -
lligh Lo1,1 lligh Low 
Overstory Under story Shrub Ground Gro1111d Ground Ground 
Canopy Canopy Ce1nopy Canopy c.,nopy Shrub \'eget.1tion Vegetation Overstory 
Cover Cove r Cover Cover Cover !le i i:;ht Height llc i i:;h t Density 
% % % i. % m cm cm m 
A. grandidentatum 
(37) 
X d 
S.D. 
N 
Maximum value 
Hinimum value 
A. grandidentatum 
(38) 
x d 
S.D 
N 
Maximum value 
Minimum value 
--- --- -- - -- -- - --- - -----
U11derstory Overstory U11dcrstorv 
De11sity ll i.1meter Di.1mctcr 
11 cm cm 
I,.) ). 1 
] .f, l. 4 
10 JO 
7 .8 5. 5 
I. 8 0.8 
2 .8 3. 7 
0. 7 1.0 
9 9 
4. 2 5. 2 
1. 9 2. 1 
...... 
..... 
Table 13. Continued. 
------- -·-- - ----- ------
\',1 r i 31,] L' 
lligh Low High Low 
Over s tor y Under story Shrub Ground Grou1Hl Ground Grouud 
Cci11opy Cci11opy Ccinopy C:inopy C:i11op" Shrub Vcgc t.1 ti on Veget ,1 t ion Ovcrstory Undcrstory Over story 
Co.vcr Cover Cover Cover Cover !iC'ighc lie' i ght Hei ght Density Density Dlnmeter 
% % % i. I. m cm c m IT m cm 
A. grandidentatum 
(39) 
X d 6.8 
s. o. ).0 
N 9 
Maximum value 12. 5 
Minimum value 2. l 
Cover type 
(4)e 
X 78.5 18.2 5 . 5 20.J 12 . (, l. J J0.8 \2 . 9 3.9 J.8 12. 7 
S. D. 21. f, 14. 7 '). 2 1 7. 2 J 7. 2 0.1 15 . J 5.6 2.2 J. 7 3. 6 
N 47 47 47 47 47 18 40 29 91 87 44 
Maximum value 95.0 62.5 Jl. 3 56.J 62.5 I. 8 f,5. 0 2 7. 5 9.8 'J.8 26.8 
Minimum value 20.0 0.0 0.0 o.o o.o 0.4 10.0 5.0 0.8 0.8 7. 2 
aComputed densities (Cottam and Curtis 19%) ar(' ll89, 1372, 1736, 816, 269 , 47), ',Id, 1276, 216, 658 trccs/h:i respc•ctivcly. 
bcomputed dcnsitic•,s (Cottam :ind Curtis 1956) are 865, 816, 730, 918, 278, 1189, 1041, 731. 47J, 693 trees/ha rc'spcctlvcly. 
cindividual st,111d numbers corrc'spo11d to numbered are.is in App,'11uix C, Fig. ',. 
dOnly ovcrstory and u1Hler sto r y de nsity were mt•,1su recl in these cover typt.. .. S. 
ecover type numla•rs cPrrl 's rH'rnl t~, 1111tnhl'rl·d .-,re:1 s in 1\ppt..•11<lix :\. Fii ~- L 
U11Jerstory 
Diame ter 
cm 
I, . 6 
1. 9 
') 
9. l 
2. 0 
(1. l 
2. l 
44 
12.6 
1 . 5 
-...J 
N 
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Table 14. Species frequency of occurrence by vegetation structural layer 
in maple cover types, Maple Bench, Cache County, Utah, 1979-1980. 
Layer 
Overstory 
Understory 
Shrubs 
High ground 
cover 
Low ground 
cover 
No. plots 
57 
55 
57 
35 
35 
Species 
Acer grandidentatum 
Populus tremuloides 
~- negundo 
Prunus virginiana 
A. grandidentatum 
P. virginiana 
A. negundo 
P. tremuloides 
A. grandidentatum 
P. virginiana 
Symphoricarpos oreophilus 
A. negundo 
A. _&!"andidentatum 
Osmorhiza chilensis 
Elymus spp. 
Smilacina racemosa 
Poa spp. 
P. virginiana 
Pteridium aquilinum 
Lathyrus pauciflorus 
Rudbeckia occidentalis 
Dracocephalum parviflorum 
Nepeta cataria 
Aster spp. 
P. tremuloides 
~- oreophilus 
Urti ca dioica 
Cynoglossum lanceolata 
Circaea alpina 
Agastache urticifolia 
0. chilensis 
A. grandidentatum 
Poa spp. 
C. alpina 
L. pauciflorus 
S. racemosa 
Elymus spp. 
A. urticifolia 
P. virginiana 
P. tremuloides 
Frequency 
N % 
57 
9 
5 
2 
55 
9 
4 
2 
9 
6 
1 
1 
23 
23 
18 
7 
6 
5 
5 
5 
3 
3 
3 
2 
1 
1 
1 
1 
1 
1 
14 
13 
12 
9 
6 
6 
3 
3 
3 
2 
100 
16 
9 
4 
97 
16 
7 
4 
16 
11 
2 
2 
66 
66 
51 
20 
17 
14 
14 
14 
9 
9 
9 
6 
3 
3 
3 
3 
3 
3 
40 
37 
34 
26 
17 
17 
9 
9 
9 
6 
Table 1~ . Continued. 
Layer No. plots Species 
U. dioica 
R. occidentalis 
Mint species 
Q_. parviflorum 
Viola nuttallii 
Aster spp. 
P. aquilinum 
74 
Frequency 
N % 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
1 3 
Table 15. Structural characteristics of aspen cover type on Maple Bench, Cache-Wasatch National Forest, 
Cache County, Utah, 1979-1980. 
···-- - - -- ---- -- -- --- - - -·· - - --- - ---
\'ariablc 
--- --·-- . --- - - - - - - . - --- - -- -- - ... - . -- ·- - - - -
lligh I.ow High Low 
Over story Understory Sh rub Ground Ground Ground Ground 
Canopy c.,nopy C,111opv C.1nopy C.inopy Shrub Vegetation \'egeta ti o n 
Cover Cover Cover Cover Cover Hci ght Height Height 
% 7. z 7. z m cm cm 
Overstory" Und,,rstoryh Overstory Understory 
Density Dcnsi ty Diameter Oi.imeter 
m m cm cm 
- - ---- ·--------------
- - ·--- -------- -
Stand (cover type) 
Populus 
tremuloides 
4C(3)d 
X 61. 6 17. 8 1. 6 69.3 68. 7 1.5 79 . 0 21. 7 3.4 5. 7 18. 7 6.8 
S. D. 15.0 15 .9 2. 4 16.9 20.5 0 . 3 10.8 5 . 1 l. 6 2.4 3. 1 2.0 
N 13 13 lJ 13 13 5 13 13 12 1 l 13 13 
Maximum value 75.0 56.3 6.3 95.0 95.0 1.8 97.5 30.0 7.6 9.8 23.6 LO. 3 
Minimum value 31. 3 0.0 o.o 42.5 31. 3 1.2 52.5 11. 3 L. 4 2.2 14. I 2.8 
-- ---- -- ·--- ---
aComputed density (Cottnm :llld Curtis 195n) is 865 trees/ha. 
bcomputed density (Cottam and Curtis 1956) is 308 trees/ha . 
clndividual stand number cor responds to numhe>red ,1rca in ,\ppendix C, Fig. 5. 
dcover type number corresponds to numbered areas in Appendix ,\. Fig. 3. Onl11 1 stand in this cover type w,1s s:impled. 
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Table 16. Species frequency of occurrence by vegetation structural layer 
in aspen cover types, Maple Bench, Cache County, Utah, 1979-1980. 
Layer 
Over story 
Understory 
Shrubs 
High ground 
cover 
Low ground 
cover 
No. plots 
13 
13 
13 
13 
13 
Species 
Populus tremuloides 
Acer negundo 
A. grandidentatum 
P. tremuloides 
A. negundo 
A. grandidentatum 
Prunus virginiana 
P. tremuloides 
A. negundo 
P. virginiana 
Rosa woodsii 
Rudbeckia occidentalis 
Elymus spp. 
Pteridium aquilinum 
P. tremuloides 
Bromus inermis 
A. grandidentatum 
Dracocephalum parviflorum 
Lathyrus pauciflorus 
Scrophularia lanceolata 
Agastache urticifolia 
Aster spp. 
Delphinium occidentale 
Osmorhiza chilensis 
P. virginiana 
Nepeta cataria 
Poa spp. 
Rumex occidentalis 
Valeriana occidentalis 
Galium spp. 
L. paucif lorus 
0. chilensis 
Elymus spp. 
v. occidentalis 
Circaea alpina 
P. tremuloides 
!2_. grandidentatum 
Smilacina racemosa 
Viola nuttallii 
Frequency 
N % 
13 
3 
1 
8 
8 
2 
1 
2 
1 
1 
1 
12 
12 
11 
11 
4 
4 
4 
4 
4 
4 
3 
3 
3 
2 
,2 
1 
1 
1 
1 
12 
12 
12 
8 
8 
8 
8 
6 
6 
100 
23 
8 
62 
62 
15 
8 
15 
8 
8 
8 
92 
92 
85 
85 
31 
31 
31 
31 
31 
31 
23 
23 
23 
15 
15 
8 
8 
8 
8 
92 
92 
92 
62 
62 
62 
62 
46 
46 
Table 16. Continued. 
Layer No. plots Species 
Aster spp. 
Galium spp. 
D. occidentale 
A. urticifolia 
Poa spp. 
Unknown 
R. occidentalis 
B. inermis 
Mint species 
Taraxacum officinale 
~ - negundo 
!'.._. aquilinum 
Polygonum convolvulus 
Geranium fremontii 
77 
Frequency 
N % 
6 46 
4 31 
4 31 
3 23 
3 23 
3 23 
2 15 
1 8 
1 8 
1 8 
1 8 
1 8 
1 8 
1 8 
Table 17. Structural characteristics of shrubby and sapling cover type on Maple Bench, Cache-Wasatch 
National Forest, Cache County, Utah, 
Populus trcmuloides 
(6) 
Undcrstory 
C.1nopy 
Cover 
o/. 
X 55.0 
S.D . 19.7 
N 12 
Maximum value 75.0 
Minimum value 10.0 
Acer grandidentatum 
(7) 
X 22. 8 
S .D . 9.8 
N 8 
Maximum value ]2.5 
~linimum value 5.0 
Shrub 
Canopy 
Cover 
14. l 
15. 9 
12 
56.3 
0.0 
22.5 
5. 1 
8 
2 7. S 
15. 0 
1979-1980. 
l!igh Low 
Ground Groun d 
C.111opy Canopy 
Cover Cover 
% % 
61.2 2J.0 
19.S 15. l 
12 12 
95.0 50.0 
37.5 5.0 
o.o 64.1 
0.0 15.9 
8 8 
o.o 95.0 
o.o 50.0 
\/;iri.1ble 
High Low 
Ground Groun d 
Shrub Vegetation Vegetation 
llci!',ht Height IICi!',ht 
m cm cm 
1. 2 94.8 21. l 
0.4 14.8 6. 1 
l l 12 12 
l. 9 120.0 Jl.J 
0.6 71. J lJ.8 
0.1, 
--- ---
0.0 --- ---
B --- ---
O.(, --- ---
0.4 --- ---
--- - ---·-- - - --
llnder sto ry 
llenslty 
m 
1.5 
0.6 
12 
J.l 
0.7 
2.0 
0.6 
8 
2.9 
1.1 
" Under story 
1Ji.1mcter 
cm 
-- ------- ----
3 . 7 
0.6 
8 
4. 5 
) . l 
J.9 
1.0 
8 
5.6 
2.8 
'<I 
0) 
Table 17. Continued. 
-·- -- -- -
lligh Low 
Understory Shrub Ground Ground 
Canopy C'1nopy C,1nopy Canopv 
Cover Cover Cover Cover 
% % % % 
Acer grandidentatwn 
(11) 
X 23.9 19.9 7.6 30.5 
S.D. 9. 7 1 7. 5 5.0 16. 1 
N 10 10 10 10 
~laximum value 43.8 50.0 16.J 62.5 
}linimum value 15.0 o.o 1.0 10.0 
P. tremuloides 
(17) 
X 50.6 16.4 29.6 26.5 
S.D. 14.9 l ! . 9 14. 1 26.6 
N 10 10 10 10 
Maximum value 75.0 J 7. 5 50.0 68.8 
Minimum value 25.0 0.0 10.0 0.0 
·---·------------ -
\'.1ri.1ble 
-· -- - . - - - - - . - -- -- - -- ·---
High I.ow 
Ground Ground 
Shrub Vcget:1t ion Vt!get.-1t ion lindcrstory l111dl•rstory 
Height Height lldght Density Diameter 
m cm cm m cm 
·- - -- ---- -- - - ----- - -
o. 7 38.4 7.4 2.3 4. 1 
0.0 11. 0 2.9 1.3 1.5 
9 10 10 10 10 
1.0 62.5 12. 5 /._ (, (, .I, 
0 . 4 2(1. 3 5 . 0 0.9 :>.o 
J. 3 77 .0 1(,. 3 l. 1, 3. 7 
0 . 3 17.5 5 . 4 0.3 0.5 
8 10 9 10 10 
l. 7 107.5 29 . 4 1. 9 4.5 
0.9 ~5.o 26.J 0.9 J. l 
-...J 
\.0 
Table 17. Continued. 
-·- ---· 
Variable 
---· - -- -
High Low High Low 
Understory Shrub Ground Ground Ground Ground 
Canopy Canopv Canopy Canopy Shrub Vegetation Vegetation Understory Understory 
Cover Cover Cover Cover Height Height Height Density Dlameter 
% % % % m cm cm m cm 
A. grandidentatum-
Prunus virginiana 
(18) 
X 37.9 17. 5 29.2 6. 1 l. 2 60.5 12.4 2. 5 4. 3 
S.D. 9 .1 11.6 14. 3 ). 4 0.3 17.5 3.1 1.5 0.3 
N 9 9 9 9 9 9 9 9 9 
Maximum value 50.0 3 7. 5 so.o 15.0 1.6 102.2 17. 5 5.4 4.9 
Minimum value 20.0 3.8 10.0 3. 8 1.0 42.5 7. 5 o. 7 3. 5 
A. grandidentatum 
(2 3) 
X 48.4 22. 1 29.6 8. 1 1.3 52. 3 12.9 2.0 , .. 7 
S . D. 14. 5 12.6 12. 7 6 . 4 o.o 6.2 2. l 1. l 1. l 
N 10 10 10 10 10 10 9 10 10 
Maximum value 68.8 37.5 50.0 21. 3 1. 5 57.5 16. 3 3.9 6.) 
Minimum value 21. 3 1.) 15.0 0.0 0.9 37.5 10.0 o. 7 3.2 
Table 17. Continued. 
High 
Understory Shrub Ground 
Canopy Canopy Canopy 
Cover Cover Cover 
% % z 
A. grandidentatum-
A. negundo 
( 28) 
X C 
S. D. 
N 
Maximum value 
Minimum value 
P. tremuloides-
P. virginiana 
(29) 
X C 
S.D. 
N 
Maximum value 
Minimum value 
Variable 
Low High Low 
Ground Ground Ground 
Canopy Shrub Vegetation Vegetation 
Cover Height Height Height 
% m cm cm 
·- ----
Undcrstory Under story 
Density Diameter 
m cm 
1.8 
0. 7 
10 
3.t, 
0.9 
1. 2 
0.3 
9 
l. 7 
0.8 
00 
t,...; 
Table 17. Continued. 
Cover type 
(2)d 
X 
S.D. 
N 
Maximum value 
Minimum value 
Understory 
Canopy 
Cover 
% 
40.9 
18.5 
59 
75.0 
5.0 
Shrub 
C,1nopy 
Cover 
% 
18.5 
13.J 
59 
56. 3 
0.0 
High Low 
Ground Ground 
Canopy Canopy 
Cover Cover 
% % 
28.2 25.3 
23.8 23.5 
59 59 
95.0 95.0 
o.o 0.0 
Variable 
High Low 
Ground Ground 
Shrub Vegetation Vege t:l t ion Understory Understory 
lleight lleight Height Density Diameter 
m cm cm m cm 
1.0 65.9 14.3 1.8 4. l 
0.5 24 .5 6.4 1.0 1.0 
55 51 49 78 55 
1.9 120.0 31. J · 5. 4 6.4 
0.4 26.3 s.o 0.7 2.0 
aComputed densities (Cottam and Curtis 19';6) are 4444, 2500, 1890, 5102, 1600, 2500, 3086, 6944 , 3086 trees/ha respectively. 
bindividual stand numbers correspond to numbered areas in Appendix C, Fig. S. 
cOnly overstory and understory de11sity were measured in thes~ stands. 
dCover type numbers correspond to numbered areas in Appendix A, Fig. 3. 
(X) 
N 
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Table 18. Species frequency of occurrence by vegetation structural layer 
in shrubby or sapling stands, Maple Bench, Cache County, Utah, 1979-1980. 
Layer 
Understory 
Shrubs 
High ground 
cover 
No. plots Species 
60 Acer grandidentatum 
Populus tremuloides 
~- negundo 
60 
60 
Prunus virginiana 
Salix scouleriana 
A. grandidentatum 
P. virginiana 
P. tremuloides 
A. negundo 
Artemisia tridentata 
Symphoricarpos oreophilus 
S. scouleriana 
Physocarpus malvaceus 
Sambucus spp. 
Rosa woodsii 
Elymus spp. 
~- grandidentatum 
Poa spp. 
Rudbeckia occidentalis 
Aster spp. 
Agastache urticifolia 
Pteridium aquilinum 
Lathyrus pauciflorus 
Achillea millefolium 
Osmorhiza chilensis 
Urtica dioica 
Smilacina racemosa 
Lupinus caudatus 
Tragopogon dubius 
Unknown 
Nepeta cataria 
Senecio spp. 
R_. virginiana 
Dracocephalum parviflorum 
Verbascum thapsus 
Viola nuttallii 
---P. tremuloides 
A. tridentata 
~- oreophilus 
Castilleja spp. 
Frequency 
N % 
39 65 
22 37 
17 28 
10 17 
3 5 
40 67 
15 25 
12 20 
11 18 
10 17 
6 10 
2 4 
1 2 
1 2 
1 2 
35 58 
27 45 
25 42 
22 37 
14 23 
11 18 
10 17 
10 17 
8 13 
7 12 
7 12 
7 12 
6 10 
5 8 
5 8 
5 8 
4 7 
4 7 
4 7 
4 7 
4 7 
3 5 
3 5 
2 3 
2 3 
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Table 18. Continued. 
Layer No. plots Species Frequency 
N % 
Scrophularia lanceolata 2 3 
R. woodsii 1 2 
Taraxacurn officinale 1 2 
A. negundo 1 2 
Thalictrurn fendleri 1 2 
Sarnbucus spp. 1 2 
Delphinium occidentale 1 2 
Berberis repens 1 2 
Low ground 60 A. grandidentaturn 40 67 
-
cover Elymus spp. 31 52 
Poa spp. 28 47 
A. rnillefoliurn 21 35 
T. officinale 20 33 
Aster spp. 18 30 
L. caudatus 11 18 
o. chi lens is 8 13 
v. nuttallii 7 12 
Grass species 7 12 
Arternisia ludoviciana 5 8 
Unknown 5 8 
L. ~uciflorum 4 7 
A. tridentata 4 7 
T. dubius 3 5 
R. woodsii 2 3 
P. tremuloides 2 3 
Sonchus arvensis 2 3 
D. parviflorum 2 3 
-
Senecio spp. 2 3 
Erigeron speciosus 1 2 
V. thapsus 1 2 
R. occidental is 1 2 
s. racernosa 1 2 
T. fendleri 1 2 
Table 19. Structural characteristics of mixed aspen-chokecherry cover type Maple Bench, Cache-Wasatch on 
National Forest, Cache Count y, Utah, 1979-1980. 
-- ----- ---
-·- --- --- ··-- -- .. - -·- - - . ---- ---- --- • · -
Vari.:ib lc 
-- ---- -
Hig h Low High Low 
Ove r story Unde r sto ry Shrub Ground Ground Ground Grou nd 
Canopy C111opy Canopy Cano py Canopy Shrub Vegetation Veget.1t ion Oversto,-y" llnderstoryh Over sto r y Undcrstory 
Cover Chver Cover Cove r Cover Height Height Heig ht Density Dens it y Diameter Oiilmet e r 
% % % i. % m cm cm m m cm c m 
--- -----------
Populus tremuloides-
Prunus virginiana 
--(5)C 
X 30 .2 36.0 8. 2 62.6 43.0 1. 2 82 . 3 20.0 5.1 3 . 1 27.9 7.0 
S. D. 15.6 17. l 7.8 16.2 18. 6 0.3 14.4 2. l l. 2 1.9 6 .6 1.8 
N 12 12 12 12 12 11 12 12 12 12 12 12 
Maximum value 56 . 3 62. 5 25.0 85.0 78.8 1. 7 110.0 23.8 7.3 8 . 7 39. 3 10.0 
Minimum value 10 . 0 8 . 8 0.0 33.8 20.0 0.9 60.0 16.3 3.6 1.9 19 . 4 3_5 
P. tremuloides-
P. virginiana 
(9) 
X 10.4 ~ 7. 3 3.2 49.6 52 . 7 1.5 88.4 23. 0 8.1 2.8 27 . 2 7. 7 
S . D. 6 . 2 13. l 5. 7 23.2 25.8 0.3 14. 3 4. 3 4.2 0.9 
". 7 2. 5 
N 10 10 10 10 10 6 10 10 10 10 10 10 
Naximum val ue 20.0 68.S 18.8 85 . 0 90 .0 1.8 105 . 0 33.8 17.2 q_~ 32. 7 1 !. 5 
Minimum value 0.0 32. 5 o.o 8.3 21. 3 l.2 67.5 1 7. 5 3.2 1. 7 17 .9 
". 6 
P. tremulo!des-
P. virginiana 
(12) 
X 21." 33.5 7.8 i.5. 9 30 . 7 1. 3 80.0 15.1 6.2 3.6 21.8 <)." 
S.D. 18. 1 16. 2 9.6 20.2 9 . 1 0.4 17.6 4 . 1 1.9 1.0 I. 2 1.0 
N 10 10 10 10 10 8 10 10 10 10 10 10 
Maximum va lu e 56. 3 62 . 5 26.3 75.0 43.8 2.0 115 . 0 20 .0 9.0 1,. 9 24. ] 10.9 
}linimum value 5.0 8.8 o.o 15.0 15.0 o.s 52.5 7 . 5 3.5 1.' J 20.4 7 . 5 
---- -- ---- -- - - - ---- -- - ----- . ----
00 
V, 
Table 19. Continued. 
Variable 
High Low lligh Low 
Overstory Understory Shrub Ground Ground Ground Ground 
Canopy C,1nopy Canopy Canopy Canopy Shrub Vegetation Veget,1tio11 Overstory 
Cover Cover Cover Cover Cover Heig h t lleight Height Dc11sity 
% % % ,: % m cm cm m 
-------
P. tremuloides-
!'._. virginiana 
(13) 
X 14. 0 27.8 2.9 38.7 35 .1 1. 1 77 .8 16.6 6.2 
S.D. 6.2 10.2 2. 7 12. 3 12.9 0.3 10.6 2.4 3. 2 
N 10 10 10 10 10 9 10 10 10 
Maximum value 20.0 43.8 8.8 62.5 62.5 1. 4 95 .0 20.0 12. l 
Minimum value 5.0 10.0 o.o 25.0 25.0 0. 7 57.5 12.5 2.5 
Cover tyse 
(6) 
X 19. 5 36. l 5.6 49.8 40.5 1. 2 82.l 18.8 6.3 
S.D. 14.7 l 5 . 7 7. 2 19.8 19.0 0.3 7.4 4.4 2 .9 
N 42 42 42 42 42 34 42 42 42 
Maximum value 56.3 68.8 26.3 85.0 90.0 2 .0 115.0 33.8 17.2 
Minimum value 0.0 8.8 o.o 8. 3 15.0 o. 7 52.0 7.5 2.5 
3 Computed densities (Co ttam ,111d Curtis 1956) .ire 385, 152, 260, 260, 252 trees/ha respe ct ivel y. 
bcomputed densities (Cottam .1nd Curtis 1956) .ire 1041, 12 76, 772, 865, 97 7 tr ees/h a respectively. 
clndividual s tand numbers correspo11d to numbered areas i11 Appendix r. fig. 5. 
dCover type number correspo11ds to 11umbered areas in Appendi x A, fig. 3. 
U11dcrs t ory Overstory 
Ocnsi ty Diameter 
m cm 
3.4 24.3 
1. 7 6.4 
10 10 
7. 5 33.0 
1.5 10.1 
3. 2 25.4 
1. 4 5.6 
42 42 
8. 7 39. 3 
1.5 10.1 
Understory 
l>l.imetcr 
cm 
10.1 
4 . 5 
10 
22. 2 
6.9 
8.4 
2.9 
42 
22.2 
3.5 
00 
°' 
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Table 20. Species frequency of occurrence by vegetation structural layer 
in mixeJ aspen-chokecherry cover types, Maple Bench, Cache County, Utah, 
1979-1980. 
Layer 
Over story 
Understory 
Shrubs 
High ground 
cover 
No. plots Species 
42 Populus tremuloides 
Acer negundo 
42 Prunus virginiana 
P. tremuloides 
42 
42 
Acer grandidentatum 
A. negundo 
P. virginiana 
P. tremuloides 
A. negundo 
A. grandidentatum 
Rosa woodsii 
Rudbeckia occidentalis 
Elymus spp. 
Pteridium aquilinum 
Agastache urticifolia 
f. virginiana 
Osmorhiza chilensis 
Bromus inermis 
P. tremuloides 
Delphinium occidentale 
Dracocephalum parviflorum 
Lathyrus pauciflorus 
Poa spp. 
Scrophularia lanceolata 
Aster spp. 
Urtica dioica 
Verbascum thapsus 
R. woodsii 
!:._. negundo 
!:._. grandidentatum 
Rumex occidentalis 
Nepeta cataria 
Geranium fremontii 
Valeriana occidentalis 
Descurainia richardsonii 
Phleum pratense 
Cirsium vulgare 
Achillea millefolium 
Polygonum douglasii 
Frequency 
N % 
42 100 
5 12 
42 100 
42 100 
25 60 
18 43 
25 60 
9 21 
5 12 
1 2 
1 2 
42 100 
41 98 
39 93 
20 48 
18 43 
14 33 
14 33 
13 31 
12 29 
11 26 
7 17 
5 12 
5 12 
5 12 
5 12 
4 10 
3 7 
3 7 
3 7 
2 5 
2 5 
2 5 
1 2 
1 2 
1 2 
1 2 
1 2 
1 2 
Table 20. Continued. 
Layer 
Low ground 
cover 
No. plots 
42 
Species 
L. paucif lorus 
0. chilensis 
Galium spp. 
A. grandidentatum 
Aster spp. 
P. tremuloides 
V. occidentalis 
Poa spp. 
Smilacina racemosa 
A. urticifolia 
Circaea alpina 
D. parviflorum 
Chenopodium rubrum 
Bromus inermis 
Viola nuttallii 
P. virginiana 
D. occidentale 
f. _douglasii 
Taraxacum officinale 
N. cataria 
R. occidentalis 
A. millefolium 
A. negundo 
Allium spp. 
U. dioica 
Castilleja spp. 
P. aquilinum 
R, woodsii 
D. richardsonii 
Frequency 
N % 
40 
20 
20 
19 
17 
17 
14 
12 
10 
7 
7 
6 
6 
6 
5 
4 
4 
4 
3 
3 
2 
2 
1 
1 
1 
1 
1 
1 
1 
95 
48 
48 
45 
40 
40 
33 
29 
24 
17 
17 
14 
14 
14 
12 
10 
10 
10 
7 
7 
5 
5 
2 
2 
2 
2 
2 
2 
2 
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Table 21. Structural characteristics of mixed aspen-maple cover type on Maple Bench, Cache - Wasatch 
National Forest, Cache County, Utah, 1979-1980. 
·- -------- ---- -
- - . - - --- ·------ ·-
V.1ri.1bl e 
---- ---- -- - ---- ·----------- ------·- - - -
High Low lligh Low 
Over story Understory Shruh Ground Grouud Ground Gro und 
Conopy Canopy c.1111..,py c.,nopy c.,nop y Shrub Vege t.ition VegeL1tion Overs tory'' Uncle rs tnryh (1vc r s to r y Undl'rs l1lrv 
Cover Cover Cover Cover Cover Height Height Height Dens it y lJcns ity Dl.imet c r 1Ji.1mctcr 
% % % % % m cm cm m m cm cm 
-------
Poeulus tremuloides-
Acer grandident.itum 
(lO)C 
X 9.4 53.J 9. 7 16. 1 25.J 0.6 50. 5 15.7 9.1 1. 8 2 J. 7 9.5 
S. D. 8 .4 21. 0 7. 5 6.4 14. J 0.0 17 . 0 5.5 5.3 l. J 5.0 2 . 7 
N 10 10 10 10 10 9 10 10 8 10 10 10 
Maximum va lue 25.0 78.8 25.0 25.0 50.0 0.9 80.0 22.5 18.1 4.2 28.7 14. 6 
Minimum value 0.0 25. 0 o.o 5.0 5.0 0. 4 J2. 5 5.0 J.9 1. 7 15. 2 5.6 
Poeulus gemuloides-
A. negundo 
(14) 
x 49.9 19.J 16.4 44.9 11.9 1. 6 71. 5 12. '• 3.0 1,. 1 19.9 8.5 
S .D. 18. 7 16.2 25. 7 15.6 7. 3 0.3 10.6 3.9 1.1 2.0 5.1 1. 6 
N 10 10 10 10 10 9 10 10 10 10 10 10 
Maximum value 75.0 57.5 80.0 78.8 25.0 2 .1 87.5 18.8 5. 1 7. (, 30.l 11. 9 
Minimum value 21.3 1.3 o.o 26.J ).8 1.1 52.5 8.8 l. 7 2.6 13. 3 6. 3 
co 
\() 
Table 21. Continued. 
High I.ow 
Overstory Unde r sto r y Shrub Grou11d Ground 
Canopy C:111opy C'111opy CC111opy C'111opy 
Cover Cover Cover Cover Cover 
% % % % % 
P. tremuloides-
A· negundo-
A. grandidentatum 
(15) 
X 19.0 22.4 9.9 50 .1 23.5 
S. D. 3.9 5. 5 12.9 16. 7 7. 5 
N 10 10 10 10 10 
Maximum value 25.0 32. 5 37.5 75 .0 37.5 
Minimum value 15. 0 15. 0 o.o 25.0 10.0 
P. tremuloides-
A· grandidentatum-
A. negundo 
(20) 
X 28. 7 23 . 8 7. 5 29 .2 38 . 1 
S.D. 12.6 14. 1 6.2 10. 7 19 .6 
N 10 10 10 10 10 
Maximum value 43 . 8 4 3. 8 15.0 50.0 75.0 
Minimum value s.o s.o o.o 15. 0 8.0 
Variable 
High Low 
Ground Groun d 
Shruh Vegetation Veget:1 t io11 
lieight !!eight !!eight 
m cm cm 
1.8 93.5 18.0 
0.5 10.6 2.3 
8 10 10 
2. 5 105.0 22.5 
1.0 70.0 15.0 
1. 6 52 . 3 10.9 
0.4 13.8 5.1 
8 10 10 
2.6 85.0 23.8 
1.1 32.S s.o 
------ - ·--·-····-- ··- - - - -- . ----· - -·- ----- -· -- -·- --·-- -
··-----· -·- -- . ------ --·- -- ---- -·----
Overst<HY Undl' rs Lory Ov..:~rstory L;11derstory 
lle11sity ilL'llSitv lli:1metc·1· f) i ,111\C t (' r 
m Ill cm 1.:111 
5.3 5.6 24.9 13. 5 
1. 4 1. 9 ~. 5 1.8 
10 10 10 10 
7. 7 8.:, 29.4 17.0 
) . 4 3.2 21. 7 10.6 
6.R 4 . 8 2) .8 ll . 9 
2.6 1. 3 5.3 1. 1 
10 10 10 10 
10.6 7. 1 33.4 14. 7 
3 . 7 2.9 15.9 11.0 
'° 0 
Table 21. Continued. 
High Lo1.• 
Overs tory Un<lerstory Shrub Ground Gr ound 
Canop y Cnnopy Canopy Cnnopy C;inopv 
Cover Cover Cove r Cove r c,wer 
% % z 7. % 
P. tremuloidcs-
A. negundo 
( 21) 
X )2.5 48.8 6.6 26.9 11.0 
s.o. 11. 3 21. 0 7. J 14.4 13. 9 
N 10 10 10 10 10 
Maximum value 50.0 80.0 18.8 56. J 50.0 
Minimum value 15.0 15.0 o.o 18.8 5.0 
P. tremuloides-
A· negundo-
A. grandidentatum 
(24) 
X 4).8 Jl. 6 9.8 )6.4 7. J 
s. o. 14.) 9.5 11. 9 12.6 5.0 
N 10 10 10 10 10 
Maximum value 68.8 4).8 37.5 56. 3 20.0 
Minimum value 20.0 15.0 0.0 20 .0 3.0 
-------- - -----
V.1ri able 
--------- ---- -·-
Hi gh I.ow 
Grou nd Gro und 
Shrub \'cget;itlo n \legct;ition Ovcrst\)ry Und e r st ln· y Ove r s tory 
lld ght lleight lleig ht Dens it y !Jens ity lll.1meter 
m c m cm m m cm 
- -------------
l. 3 54 . 'i l J. 3 5. l 5. 1. 20.5 
0.0 13 . 9 J. J 2.0 2.8 2.9 
6 10 10 10 10 10 
1. 6 85. 0 18.8 8.6 12.0 2 7. 6 
1.0 40.0 7. 5 2.8 2. 7 17. 0 
1.8 54.4 9.2 ).9 5. 1 18. 5 
O.J 9.J 2.0 1. ~ I. 6 2. 9 
7 10 10 10 10 10 
2. 1 67. 5 12 . 5 5 .8 8.8 24.7 
1. 5 4 :! . 5 6.3 2.3 ). 7 11,. 8 
------------ ·- ------- · 
Understory 
Diameter 
cm 
12. l 
1. 2 
10 
14. 0 
9.9 
9.5 
1.1 
10 
11. l 
7. (, 
I.O 
I-' 
Table 21. Continued. 
Over story 
Canopy 
Cover 
% 
P. tremuloides-
A. grandidentatum 
(26) 
x d 
S.D. 
N 
Maximum value 
Minimum value 
P. tremuloides-A. grandidentatum 
(30) 
x d 
S.D. 
N 
Maximum value 
Minimum value 
Under story Shrub 
Canopy Canopy 
Cover Cover 
% % 
High 
Gro und 
Canopy 
Cover 
i. 
Low 
Ground 
Canopy 
Cover 
i. 
V,1riable 
High Low 
Ground Ground 
Shrub \'cgetation \lege t ,1t io11 Overstor y Understory 
Height Height Height Density Density 
m cm cm m m 
Ovcrsto r y 
Diame t e r 
cm 
8.J 
J. 7 
10 
lJ . 6 
2.9 
8.8 
J.6 
9 
11. 5 
J.J 
Underst ory 
Diame ter 
cm 
J . 2 
1. l 
10 
4.9 
1. 6 
J. J 
l.J 
9 
6. 1 
2. 2 
\() 
N 
Table 21. Continued. 
Hi gh Low 
Ovcrst or y Understory Shrub Ground Gr ound 
Ca nop y Canopy Canopy Canopy Canopy 
Cover Cover Cover Cove r Cover 
% % % % % 
P. tremuloides-
A. grandidentatum 
(33) 
X d 
S.D. 
N 
Maximum valu e 
Minimum valu e 
P. tremuloides-
~- grandidentatum-
A. negundo 
(35) 
X d 
S.D . 
N 
Maximum valu e 
Minimum value 
- -- --- ----- --------------
V,1 rinh le 
High Low 
Ground Ground 
Shrub Vegetation Vegeta t io n Overs t ory Un<lerstory 
lleight Height Height Density Density 
m cm cm m m 
Over story 
DL1met e r 
cm 
6.5 
2.6 
12 
11. 4 
3. 7 
6.6 
1.4 
9 
8 . 8 
4.2 
Un<lerstory 
Di ameter 
cm 
3.8 
1. 4 
12 
6.6 
2.0 
4. 7 
l. 9 
9 
7 . 3 
J.6 
\0 
w 
Tab.le 21. Continued. 
P. tremuloides-
A. negundo 
(40) 
X 
S.D. 
N 
Maximum value 
Minimum value 
Cover type 
(l)e 
X 
S.D. 
N 
Maximum value 
}linimum value 
Over story 
Canopy 
Cover 
7. 
d 
28.8 
17.6 
70 
75.0 
o.o 
Understory 
C:inopy 
Cover 
7. 
32. 0 
19.2 
70 
80.0 
1. 3 
Shrub 
Canopy 
Cover 
% 
10. 5 
12. 7 
70 
80.0 
0.0 
lligh Low 
Ground 
Canopy 
Cover 
7. 
34.5 
16 . l 
70 
78.8 
5.0 
Ground 
C.111opy 
Cover 
i. 
18.2 
15. 2 
70 
75.0 
3.8 
Variable 
lligh Low 
Gro und Ground 
Shrub Vegetation Vegetation Overstory Unclerstory Overstory Unclerstory 
lleight Height Height Density Density llbmeter Di.1metcr 
m cm cm m m cm cm 
4.8 5.2 
0.8 2.6 
(, 6 
6. l 8.3 
3.8 1. 5 
l. 4 64.7 13. 5 6.2 4.4 21.7 11.6 
0.5 19.4 4.8 3. 2 1.9 4. 3 3. 4 
57 70 70 104 106 70 70 
2.6 105.0 23.8 18.1 12.0 33.4 17 .0 
0 .4 32.5 s.o 1. 7 1.5 13.3 5.6 
acomputed densities (Cottam and Curtis 1956) are 121, llll, 356, 216, 385, 658, 145, 129, 237, 230, 434, 260 trees/ha respectively. 
bComputed densities (Cottam and Curtis 1956) are 3087, 595, 319, 434, 343, 385, 977, 3906, 693, 453, 370. 517 trees/ha respectively. 
clndividual stand numbers correspond to numbered areas in Appendix C, Fig. 5. 
dOnly overstory and understory density were measured in these stands . 
eCover type number corresponds to numbered areas in Appendix A. fig. J. 
'° .;:.. 
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Table 22. Species frequency of occurrence by vegetation structural layer 
in mixed aspen-maple cover types, Maple Bench, Cache County, Utah, 1979-
1980. 
Layer 
Overstory 
Understory 
Shrubs 
High ground 
cover 
No. plots Species 
70 Populus tremuloides 
Acer grandidentatum 
A. negundo 
A. glabrum 
70 A. grandidentatum 
A. negundo 
70 
70 
P. tremuloides 
Prunus virginiana 
A. glabrum 
A. grandidentatum 
A. negundo 
P. tremuloides 
P. virginiana 
Rosa woodsii 
Symphoricarpos oreophilus 
Elymus spp. 
Rudbeckia occidentalis 
Pteridium aquilinum 
Osmorhiza chilensis 
Lathyrus pauciflorus 
Aster spp. 
P. tremuloides 
Dracocephalum parviflorum 
~- grandidentatum 
~- negundo 
Agastache urticifolia 
Urtica dioica 
Nepeta cataria 
Scrophularia lanceolata 
R_. virginiana 
Smilacina racemosa 
Grass species 
Verbascum thapsus 
Poa spp. 
Rumex occidentalis 
Delphinium occidentale 
Actaea rubra 
Rosa woodsii 
A. glabrum 
Frequency 
N % 
66 94 
15 21 
12 17 
1 1 
48 69 
44 63 
36 51 
5 7 
l1 6 
29 41 
19 27 
9 13 
9 13 
4 6 
3 4 
65 93 
60 86 
49 70 
32 46 
30 43 
30 43 
20 29 
18 26 
17 24 
14 20 
12 17 
12 17 
11 16 
8 11 
6 9 
5 7 
4 6 
4 6 
3 4 
3 4 
3 4 
3 4 
3 4 
2 3 
Table 22. Continued. 
Layer 
Low ground 
cover 
No. plots 
70 
Species 
Sonchus arvensis 
Solidago missouriensis 
Geranium fremontii 
Erythronium grandiflorum 
Hackelia spp. 
Elymus spp. 
A. grandidentatum 
L. pauciflorus 
0. chilensis 
S. racemosa 
P. tremuloides 
Poa spp. 
D. parviflorum 
Circaea alpina 
Valeriana occidentalis 
R. occidentalis 
Aster spp. 
Galium spp. 
~- negundo 
N. cataria 
Polygonum douglasii 
P. virginiana 
Taraxacum officinale 
Allium spp. 
Chenopodium spp. 
R. woodsii 
Polygonum convolvulus 
A. rubra 
A. urticifolia 
Chenopodium rubra 
S. arvensis 
U. dioica 
Viola nuttallii 
E. grandiflorum 
S. lanceolata 
Unknown 
Grass species 
R. occidentalis 
Frequency 
N % 
1 
1 
1 
1 
1 
65 
40 
37 
35 
18 
17 
15 
10 
10 
9 
9 
9 
9 
8 
5 
5 
4 
4 
3 
2 
2 
2 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
93 
57 
53 
50 
26 
24 
21 
14 
14 
13 
13 
13 
13 
11 
7 
7 
6 
6 
4 
3 
3 
3 
3 
3 
3 
3 
1 
1 
1 
1 
1 
1 
1 
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APPENDIX l l 
Research Techniques and Future Research Options for Ruffed Grouse 
in Utah. 
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After 2 years of preliminary research to determine characteristics 
of habitat used by ruffed grouse in northern Utah, I would like to 
record some of my thoughts and experiences that might be useful in 
determining the feasibility and possible directions of future research 
and management designs. This report will summarize the types of 
information made available by my research efforts; suggest 
prerequisites for developing a long-term research strategy; outline 
priorities for future research; and discuss the advantages and 
disadvantages of specific research techniques. 
Summary of Information Contained in Thesis 
1) Quantitative evaluation of the structural characteristics 
of vegetation at flush sites of hens with brood, flush sites of 
solitary grouse, drumming logs, and nests. 
2) Statistical analysis of the differences in the characteristics 
of the vegetation at sites used by different cohorts of ruffed grouse. 
3) Comparison of vegetation structure at sites used by ruffed 
grouse in each forest cover with the general structure of the 
respective cover types. 
4) Description of vegetation structure and species composition 
which correlate highly with the presence of hens with brood, solitary 
grouse, drumming logs, and nests. 
5) Linear discriminant function analysis equations which may be 
useful in predicting and classifying the suitability of vegetation on 
specific sites for seasonal ruffed grouse use. 
6) Quantitative descriptions of the structure of vegetation 
used by young and older ruffed grouse broods. 
7) Comparison of seasonal habitat used by ruffed grouse in 
northern Utah to that used in other portions of the species' range . 
8) Considerations for management of ruffed grouse in northern 
Utah and suggestions for modification of management strategies 
proposed by researchers in other states for possible application in 
Utah. 
Prerequisites for a Long-term Research Project 
Prior to developing a long-term research project on habitat 
requirements and management of ruffed grouse in Utah, I feel that it 
is extremely important that a great deal of effort be applied to 
finding a suitable study area. A ruffed grouse study area should 
meet the following criteria: 
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1) It should consistently support a sufficiently large population 
of ruffed grouse to provide an adequate sample size, and sustain 
unexpected causes of mortality. 
2) It should have good access by vehicle but be capable of being 
easily controlled for closure to hunting, or provide sites for hunter 
check stations. 
3) It should have a good interspersion of forest cover types 
including large stands of pure aspen and stands of aspen mixed with 
maple and chokecherry. 
4) It should have no ongoing disturbances such as grazing 
or logging. 
5) It should have the potential for a cooperative agreement 
with the landowner(s) controlling activities on the area so that 
all future activities occur within the constraints of the research 
designs. 
The selected study area should be cover typed using recent 
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aerial photographs and randomly sampled to determine the structural 
characteristics of the cover types. I also suggest obtaining necessary 
federal and state permits to remove any predators which may threaten 
the success of a research project. 
Suggested Research Topics in Order of Priority 
1) My research on Maple Bench indicates that mature stands of 
pure maple may be important as nesting habitat. With increasing 
demands for quality firewood, maple stands are often selected for 
clearcutting. Research in Minnesota indicates that ruffed grouse 
nesting in forest stands with sparse ground cover vegetation, a 
condition characteristic of the maple stands here, are subject to a 
higher degree of predation (Maxson 1978). All 4 active nests found 
on Maple Bench were in maple stands, and 3 of the hens associated with 
these nests were killed by goshawks during incubation (the fourth hen 
died subsequent to capture). It was not possible to determine if the 
level of predation experienced on Maple Bench was because the hens 
nested in such open habitat, marking with radio transmitters, or 
disturbances caused by our presence. I can account for 5 of the 7 
known nests on Maple Bench in 1980: four were located in mature maple 
stands and 1 was in an open aspen stand with a dense understory of 
maple. For management purposes, additional data on suitable nesting 
habitat in Utah is essential. In addition, data on habitat used by 
hens with brood during the first 3 weeks after hatching should also 
be obtained. 
2) Ruffed grouse habitat is often located in discontinuous 
pockets in mountainous areas in many areas of Utah. No data exists 
as to the extent, direction, and importance of fall dispersal to 
ruffed grouse in Utah, particularly in areas with small populations. 
This information is important for determining the potential of 
dispersal for repopulating areas where ruffed grouse populations 
have been reduced or extirpated. 
3) Data on seasonal home range size, shape, and relationship to 
existing habitat conditions could be important in understanding what 
comprises the best habitat in Utah. 
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4) No research has been conducted on winter habitat and survival 
of the ruffed grouse in Utah. Research in other states indicates 
that a large proportion of annual mortality occurs during winter. An 
understanding of ruffed grouse annual habitat requirements should 
ideally include infonnation on winter needs and habitat use. 
5) A knowledge of how ruffed grouse populations react to 
disturbance such as clearcutting, fire, or grazing would be of value 
in land management planning efforts. 
6) There is little data on roosting habitat anywhere in the 
species' range. 
Research Techniques 
1) Mark-recapture techniques to estimate population size of 
ruffed grouse are not practical in northern Utah, particularly if 
results depended on hunter-reported bands. I banded over 20 grouse 
and did not receive a single return. Similarly, banding alone would 
provide little data on movement or dispersal. 
2) Ruffed grouse research using radio telemetry has been 
conducted successfully (Godfrey 1975, Robertson 1976, Maxson 1978) 
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to obtain data on habitat use, food habits, home range, competition, 
and movements. Small home ranges, relatively small study areas, and 
the extensive use of micro-habitats dictate that best results are 
obtained when individual birds are located on the ground rather than 
by triangulation from long dis~ances. Although this approach involves 
some degree bf conti nual disturbance of the bird, it may not be a 
significant disturbance if carefully done. 
Experience in this study and in Tennessee (White 1978) indicates 
that solar transmitters do not work effectively under forested 
conditions. I also believe that the shiny solar panels may make the 
grouse more easily detected by avian predators. Light backpack models 
using conventional batteries, especially when the potting is colored 
dull black or brown, are more acceptable. The lightest package 
available with sufficient battery life should be used. It may be more 
efficient to recapture birds to replace transmitters with less life 
because of reduced battery weight than to forego placing them on 
smaller grouse. This is particularly important in research projects 
involving hens or dispersing juveniles. 
I suggest that the harness be made of a material that is 
light-weight, remains flexible under extreme weather conditions, 
and is durable. I used 1/8 inch O.D. nylon tubing covered with gray 
braiding (Wildlife Materials, Carbondale, IL). It was rather heavy, 
but durable, flexible, and slightly elastic. I personally do not 
like the inexpensive elastic banding often supplied with transmitters 
because I feel that the bird's feet, or even chicks, could easily get 
entangled. For harness attachment, I used large staples, shortened 
and rebent with needle-nosed pliers. The approach was a little 
awkward, but lightweight, durable, and when carefully fastened, 
had no sharp edges. 
I also modified the commonly used harness design suggested by 
Brander (1968). The harness material was first looped through th e 
front tabs on the radio and fastened to position the radio in the 
center of the harness material. The resulting straps were again 
fastened together about 3 cm anterior to the radio to position the 
radio between the shoulders. The straps were separated around the 
bird's neck and crossed on the breast directly below the crop, and 
fastened together there. Each cross strap was brought under the 
opposite wing and fastened to the back of the radio. This design 
avoids constriction of the crop, the bird catching its feet in the 
harness (which generally occurred when I tried Brander's design), and 
interference with the brood patch during incubation and brooding. I 
recaptured a nesting hen that had worn a radio attached in this 
manner for about 2 weeks and found no abrasions or slippage. She 
had preened the radio harness into her back and underwing feathers. 
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Addition~lly, the leading and trailing edges of the wings showed no 
irritation. This design requires a minimum of fasteners, can be 
prepared prior to capture, and can be attached quickly. I always 
placed a hood over the bird's head to quiet the bird during handling 
and prevent its escape should it free itself. 
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3) I succeeded in catching non-nesting grouse with noosepoles 
(Zwickel and Bendell 1967) and clover traps (Gullion 1966). 
Noosepoles were very efficient in capturing grouse that perched in 
trees with open branching. Most grouse would hold while the noos e 
was slowly tightened around their necks. The slow, careful approa ch 
was almost always more successful than a quick jerk of the pole. 
Grouse often tried to fly once the noose was tight, and frequently 
became entangled in a branch out of reach. An assistant should be 
available to climb the tree immediately after capture before the bi rd 
can damage itself. I used moderate weight monofilament nylon cord 
used in grass trimmers for the noose. This material was stiff enough 
to hold an open loop, yet sufficiently flexible to prevent springing 
open and releasing the bird. About an inch of cloth-covered el a stic 
banding was attached to the noose at the slide so that it would hav e 
to stretch to accommodate the full loop when the noose was tight 
around the bird's neck. I believe that this modification helped 
prevent the death of several birds. 
Clover traps worked well in mid-fall for catching dispersing 
juveniles. They were Luilt similar to Gullion's (1966) specifications. 
I used 2.5 cm mesh chicken wire for all portions of the trap, which 
prevented the birds from sticking their heads through the mesh. The 
top was securely attached to the sides except for 1 mat either end, 
where wire twists allowed easy entry into the trap. The most 
successful traps were located adjacent to roads. One wire lead 
extended to the road, and the remaining 2 or 3 leads extended to 
other natural boundaries if possible. It is important that the traps 
be operated during fall dispersal, which, during my study, varied 
between mid-August and early October. Gullion (1965) successfully 
trapped grouse using baited clover traps in the winter. I tried his 
suggestion of using red dyed cracked corn in my trapping efforts, but 
I do not believe that it increased trapping success. 
4) During incubation I successfully caught nesting hens using 
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a mistnet. The hen was initially flushed from the nest and the mistnet 
draped over sticks and branches, weighted to the ground with rocks, 
and attached to the tree trunk. This created a loose net about 30 cm 
square to one side of the nest. I returned to the nest site several 
hours later from the side opposite the net to flush the hen into the 
net. After handling, all loose feathers were removed from the site to 
avoid attracting predators. I do not suggest that the hen be 
"dizzied" prior to its release because of the risk of the hen 
injuring herself by flying into a tree. 
5) Although flushing birds on transects or while systematically 
walking through preselected areas is effective, a good flushing or 
pointing dog greatly increases the efficiency of the effort. However, 
it seems to be difficult to find nesting hens even with a dog. In my 
experience, a dog could not seem to smell a nesting hen, even when less 
than 1 m away. This problem was also recorded by Bump et al. (1947). 
In 1981, a nest that successfully hatched in 1980 was discovered about 
1 m from a road that was walked about every day with dogs during the 
nesting season. Although flushing unmarked birds is an effective 
manner of gathering information on general habitat use, it does not 
provide information on movement patterns of individual grouse. 
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Appendix E 
A Survey of Ruffed Grouse Literature 
Introduction 
The ruffed grouse (Bonasa umbellus) has been shot, snared, 
hunted for market, and even bountied in early colonial times in 
North America. Despite this level of exploitation and resulting 
broad interest, research into the natural history of this species 
was not begun until the early 1900's. Subsequent research has been 
conducted principally in the eastern and north-central states which 
form the core of the species' range in the United States. These 
studies have documented a strong association of this bird with 
hardwood forest communities. 
This document summarizes literature published through Januar y 
1981 on the ecology and population dynamics of the ruffed grous e , 
with emphasis on habitat utilization. Current research and 
management techniques are discussed. The intent of this document 
is to provide a readily available source of information on which 
management decisions can be based. 
Funding for this literature summary was provided by the U. S. 
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Forest Service and Utah Division of Wildlife Resources. Compilation 
was done under the auspices of the Utah Cooperative Wildlife Research 
Unit. When appropriate, measurements were converted to metric scale. 
Drumming and Breeding Behavior 
Drumming behavior exhibited by the breeding male segment of the 
population acts as a low-cost, high benefit territorial display 
(Allen 1934, Gullion 1970, Archibald 1976) which results in a stable 
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spatial organization of a restricted number of breeding males 
(Archibald 1976). Boundaries of drumming territories are delineated 
by natural features and the location of other drumming males. The 
maximum density of breeding males is dependent both on quality of 
habitat and social tolerance (Archibald 1976, Boag 1976). Research 
in Alberta found that distribution of drumming activity centers tended 
to be clumped, suggesting that drumming may influence other males to 
establish territories in the same vicinity. Male ruffed grouse also 
tend to answer the drums of a neighboring male by drumming in return 
(Aubin 1972), supporting Gullion's hypothesis (1967) that ruffed 
grouse may be a lek species. Areas where male home ranges overlapped 
were used at different times by neighboring males and apparently did 
not contain any important resources which were unavailable in the 
exclusive portions of the individual home ranges (Archibald 1976). 
Spring drumming also serves . to attract females for breeding 
(Allen 1934, Brander 1967, Archibald 1~76). Drurrnning activity generally 
peaks between mid-April and mid-May (Gullion 1966, Porath and Vohs 
1972). In Utah, drumming began in late April to early May (Phillips 
1965) and peaked in mid-May, while in Minnesota the peak gener~lly 
tended to occur within 3 days of 29 April (Gullion 1966). While 
Gullion (1966) felt that the peak in drumming activity was probably 
directly related to photoperiod rather than plant phenology, it 
coincided closely with elongation of willow (Salix spp.) catkins in 
Idaho (Hungerford 1953) and aspen (Populus tremuloides) and chokecherry 
(Prunus virginiana) leaf sprouting in Utah (Phillips 1965). Extreme 
temperatures and heavy rainfall may restrict drumming activity, and 
an early snowmelt and temperatures ranging from -3C to 2C may 
stimulate drumming (Gullion 1966). 
Individual males are generally closely associated with their 
drunnning logs throughout the spring, and more loosely associated 
with them in the sunnner and fall (Gullion 1967, Gladfelter and 
McBurney 1971, Wenstrom et al. 1972, Aubin 1972). Fall densities 
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of males associated with drumming logs may approach that of the 
breeding season (Gullion 1967). Juvenile males may become associated 
with a drumming log their first fall or the following spring (Gullion 
1967, Boag 1976). 
Gullion (1967) found that non-drumming and subdominant drunnning 
males were occasionally found associated with sites of drunnning logs 
occupied by dominant males. The male portion of the population may 
also be composed of non-drumming males which are not associated with 
any definite centers of drumming activity. Although little is known 
about densities of non-breeding males in the spring, research in 
Alberta indicated that between 23% and 42% of males did not establish 
territories (Rusch and Keith 1971b, Doerr et al. unpubl, in Fischer 
and Keith 1974). In Wisconsin 33% (Dorney and Kabat 1960) and in 
Minnesota 50% (Gullion 1967) of the males did not breed. The 
proportion of non-breeding females was estimated to be 25% in New 
York (Bump et al. 1947:359) and 50% in Alberta (Rusch and Keith 1971b), 
Doerr et al. (unpubl. in Fischer and Keith 1974) reported that over 
a 6 year period, 22% to 29% of females did not breed. 
Adult females actively seek out druillllling males at the drumming 
activity centers and form a transitory pair-bond which seldom lasts 
longer than a few hours. Since the males continue drumming after 
copulating with a female, it is assumed that the breeding pattern is 
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promiscuous (Brander 1967, Gladfelter and McBurney 1971). Hens 
have also been recorded in the territories of several drumming males 
prior to egg-laying (Barrett 1970). 
Nesting and Dispersal 
Female reproductive activity begins 3 to 7 days before the first 
egg is laid. Estrus (Brander 1967) lasts 3 to 5 days in individual 
hens with the peak of estrus being synchronized with the peak of 
drumming. Two eggs are laid every 3 days, allowing 17 days for an 
average clutch size of 11.5 eggs (Bump et al. 1947:267,286). Maxson 
(1977) reported that eggs are laid at intervals of 25 to 30 hours, and 
the hen is present at the nest site only for the period required to 
lay the egg. Incubation starts after the last egg is laid and 
continues for 23 to 24 days. Hatching generally occurs between late 
May and early June (Fischer and Keith 1974, Robertson 1976). 
Seventy-four percent of clutches in Wisconsin were hatched by 15 June 
(Kubisiak 1978), and Phillips (1964, Utah) reported a hatch date of 
19 June. The female becomes increasingly attentive to her nest as 
incubation progresses, ultimately spending over 95% of her time on 
the nest (Barrett 1970, Maxson 1978a). Toward the end of the 
incubation period she leaves only for feeding 2 or 3 times a day for 
less than 18 to 24 minutes at a time (Maxson 1977). 
Home Range and Movement Patterns 
During mating and nest building, the hen travels within an area 
5.8 ha in size (X = 12.1 ha). During egg-laying, her activities are 
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restricted to an area averaging 8.4 ha in size. Her mobility is 
further decreased during incubation to an area averaging 0.9 ha 
(Maxson 1978a). Archibald (1975) reported home range size prior to 
hatching to be 16.5 ha. 
Hens and broods cover the major portion of their summer home 
range during the first 10 days after hatching (Godfrey 1975a). As the 
summer progresses, hens with brood concentrate movements in smaller, 
more defined portions of their summer home range (Hungerford 1951, 
Chambers and Sharp 1958, Godfrey 1975a). Habitat conditions generally 
dictate the mean size of home ranges used by individual hens with 
brood. Small home ranges are characteristically found in areas with 
localized, widely separated patches of suitable habitat, or in areas 
with highly interspersed patches of suitable habitat types (Godfrey 
1975a). Patterns of brood movement are related not only to the 
quality of the habitat but to physiographical features as well. 
Probability of encountering broods in particular areas is directly 
related to the frequency of utilization; therefore frequency of 
encounters should indicate preference for certain habitat types 
(Porath and Vohs 1972). Godfrey (1975a) and Bump et al. (1947:259) 
suggested that lack of competition from neighboring hens with brood 
at low population densities would result in utilization of only 
preferred habitat. However, observations by Kubisiak (1978) indicated 
that population level did not affect patterns of habitat use. 
The average summer home range size of hens with brood ranges 
from 12.9 ha (Godfrey 1975a) to 16 ha (Bump et al, 1947;29.5). Godfrey 
(1975a) in Minnesota noted some spatial but no temporal overlap of 
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home ranges. However, intermingling of broods was reported in New 
York (Bump et al. 1947:293), Wisconsin (Kubisiak 1978), Pennsylvania 
(Chambers and Sharp 1958), and Minnesota (Maxson 1978b). Chambers and 
Sharp (1958), Bump et al. (1947:298), and Maxson (1978b) hypothesized 
that orphaned broods might attach themselves to another brood. 
Home range size for breeding males was reported to be 6.7 ha 
during the breeding season and between 8.9 ha (Archibald 1975) and 
16 ha (Archibald 1976) during the entire spring period. 
Adults were found to be more mobile in the surmner than in the 
spring, although males were still associated with drumming logs 
(Berner and Gysel 1969). 
Brood break-up and dispersal generally begins during the first 
week of September, peaks in mid-September, and ends by the second week 
of October. During brood break-up, juveniles may aggregate in 
non-sibling groups for short periods of time just prior to dispersal 
(Godfrey and Marshall 1969, Rusch and Keith 1971b). Dispersal is 
assumed to be independent of population densities (Hale and Dorney 
1963, Godfrey and Marshall 1969) and was reported by Godfrey and 
Marshall to occur in synchronized patterns by widely separated 
individuals prior to unstable weather conditions. Dispersal consists 
of a series of rapid linear diurnal movements, generally totalling at 
least 1.6 km in length (Godfrey and Marshall 1969). Following 
dispersal, all age classes of grouse become attached to definite 
home ranges for the fall and winter (Chambers and Sharp 1958). 
Survival and Mortality Factors 
Annual natural mortality rates of ruffed grouse have been estimated 
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to be slightly greater than 70% (Palmer and Bennett 1963, Rusch and 
Keith 1971b). However, the various sex and age classes are 
differentially vulnerable to seasonal mortality factors. Mortality 
is greatest for hens and chicks in early summer (King 1937, Fischer 
and Keith 1974), drumming males in the spring, and juveniles 
following dispersal in the fall (Rusch and Keith 1971b). Numbers 
stabilize in favor of males during the winter, but sex ratios 
probably equalize following the drumming season (Dorney and Kabat 
1960, Gullion 1966). 
Total overwinter mortality was estimated by King (1937) to be 
between 1.7% and 20%, but later studies placed the figure between 40% 
and 66% (Palmer 1956, Svoboda and Gullion 1972, Doerr et al. 1974). 
Chambers and Sharp (1958) hypothesized that fall dispersal with little 
compensatory ingress largely accounted for the 70% winter loss they 
documented. In 10 years of study in Minnesota, only once was the 
overwinter loss substantially greater than a mean of 55%. The 
major controlling factor for winter survival in Minnesota was 
theorized to be the suitability of snow conditions for snow burrowing 
(Gullion 1970). 
Chick mortality appears to be directly proportional to 
population density (Dorney and Kabat 1960) but independent of brood 
size (Fischer and Keith 1974). King (1937) estimated that 75% of the 
chicks were lost within 30 days of hatching. In Alberta, annual 
chick mortality averaged between 66% and 79%, with summer losses 
totalling 49% and winter mortality varying between 33% and 58% (Rusch 
and Keith 1971b). Higher mortality rates for hens during the early 
brood period is believed to li,esult f;ro_IIJ increased activity of; hens 
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and displays of aggressive behavior during brood defense (Maxson 
1978a). 
Drumming males, especially males using previously used drumming 
logs, may be more vulnerable to predation in the spring because 
repetitive patterns of behavior may make them more obvious to 
predators (Gullion and Marshall 1968). However, Doerr (1973) found 
that annual survival rates for drumming males averaged 45%, while that 
for non-territorial, non-drumming males was only 16%. Similarly, Boag 
(1976) found that the annual survival rate of males on continuously 
used logs was almost twice as high as drumming males on sporadical ly 
used, marginal logs. 
Predation, especially by raptors, is the dominant proximal cause 
of mortality, but it is not a limiting factor (Edminster 1939, Eng 
and Gullion 1962, Fischer and Keith 1974). In Minnesota, nesting 
goshawks have been reported to effectively remove most of a ruffed 
grouse population within½ mile of the nest (Eng and Gullion 1962) . 
However, both complete and selective predator control in New York 
did not reduce brood mortality, despite reducing nest losses, and 
adult mortality was actually highest in the controlled area (Edminster 
1939). 
Fall hunting has no appreciable effect on the proportion of the 
ruffed grouse population alive the following spring (Bump et al. 
1947:392, Palmer 1956, Dorney and Kabat 1960, Fischer and Keith 1974). 
Hunting refuges and season closures generally have no positive 
long-term effect on fall and winter population size (Bump et al. 1947: 
392, Edminster 1939, Palmer 1956). A Michigan study indicated that 
both hunted and unhunted populations declined 50% between late 
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September and mid-December. Although generally 33% of a population 
is removed by fall hunting, up to 50% can be removed without negative 
effects (Palmer and Bennett 1963). No correlation has been found 
between the percentage of juveniles in the fall harvest and 
population size (Palmer and Bennett 1963, Fischer and Keith 1974). 
In Michigan, 75% of grouse killed are harvested during the first 15 
days of the season, and 95% are taken during the first 30 days (Palmer 
and Bennett 1963). 
A spring hunt, concentrating on drunnning males, would probably 
be additive to other mortality in the spring, but not to overall 
annual mortality (Fischer and Keith 1974). Females would be incubating 
during the drumming season, and 20% of the males harvested may be 
replaced by non-drunnning males (Dorney and Kabat 1960, Fischer and 
Keith 19 7 4 ) . 
Density 
Spring densities are dependent on rates of annual mortality, 
habitat quality and diversity, and intrinsic population fluctuations. 
However, King (1937) and Bump et al. (1947:331) believed that a 
density - dependent saturation point was reached at 25 birds per 40 ha. 
Gullion (1970) more recently suggested that a "good" population 
consisted of a breeding pair per 4 to 6 ha of forested land. However, 
spring densities of 47 birds per 40 ha in Alberta (Fischer and Keith 
1974) and 55 birds per 40 ha of suitable habitat in New York (Edminster 
1939) were reported. In Utah, Phillips (1965) calculated a spring 
density of 10 grouse per 40 ha of woodland habitat and the Utah 
Division of Wildlife Resources estimated 6.7 to 12.7 grouse per 40 ha 
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(Anon. 1978). In northern Idaho, densities of 11.1 and 21.3 birds 
per 40 ha were reported by Hungerford (1951). Most density 
estimates are calculated from either spring censuses or surveys of 
drumming males and, as a result, estimates may not be comparable 
because assumptions regarding the proportion of drumming males 
present in the population, sex ratios (Gullion 1966, Rusch and Keith 
1971b), and suitability of all vegetation types included in the 
calculations are seldom stated and probably differ. 
Population Dynamics 
Cycles in numbers apparently occur in some ruffed grouse 
populations, but the causes of these rhythmic fluctuations have not 
been determined. Lack (1954) and, more recently, Rusch and Keith 
(1971b) and Rusch et al. (1978) suggested that cycles are a product 
of predator-prey relationships. However, this argument has been 
rebutted by other researchers (Marshall 1954, Hoffman 1958, Dorney 
and Kabat 1960, Gullion and Marshall 1968). Dorney and Kabat (1960) 
suggested that cycles were caused by an interplay of inclement 
weather and parasitic diseases. Hoffman (1958) and Gullion and 
Marshall (1968) reported that cyclic lows were characterized by a 
small proportion of highly visible juveniles in the population. They 
hypothesized that the lack of replacement stock was the result of a 
large proporiton of females failing to nest, a high degree of nesting 
failure, and inferior stamina of chicks. More recently, Svoboda and 
Gullion (1974) suggested that the production cycle of male aspen 
flower buds may be an important factor contributing to population 
cycles. 
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Weather can affect seasonal population densities. Temperatures 
above the average maximum for April can result in a large population 
the following spring (Larsen and Lahey 1958), while low April and May 
temperatures often put additional stress on hens during incubation 
(Dorney and Kabat 1960, Palmer and Bennett 1963). Temperatures 
consistently above winter daily maximums cause snow to crust, 
preventing the use of snow burrows (Larsen and Lahey 1958, Gullion 
1970). However, hatchability and subsequent brood survival of a 
clutch abandoned 7 days into incubation during inclement weather did 
not significantly differ from that of other clutches obtained from 
the same area (Stott and Brander 1969). 
Diet 
Foods used by ruffed grouse differ with the season, geographical 
region, and among sex and age classes in the same area. During 
incubation, hens use catkins and leaves of sexually mature male and 
female aspen almost exclusively (Schladweiler 1968, Maxson 1978a). 
Trees utilized by incubating hens are generally located 28 m to 185 m 
from the nest (Maxson 1978a). Feeding occurs shortly before daylight 
and after dark, although some sporadic feeding may occur during the 
day CSchladweiler 1968, Maxson 1977). As incubation progresses, 
morning activity may be delayed by as much as 4 to 5 hours if 
increasing growth of vegetation decreases light intensity at the nest 
(Maxson 1977). Male ruffed grouse also feed chiefly on sexually mature 
male asp en fl ower buds and ca t kins in the spring, and usually select 
drumming logs with such tr ees in sight (Gullion 1968}. With the 
abscission of aspen catkins in early May, catkins and leaves of other 
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species such as hophornbeam (Ostrya virginiana), willow (Salix spp.), 
and balsam poplar (Populus balsamifera) become more connnon in the 
diet. Leaves from herbaceous evergreen plants such as wild 
strawberry (Fragaria spp.) and wintergreen (Gaultheria spp.) are also 
used (Brown 1946, Svoboda and Gullion 1972). 
Chicks feed heavily on insects from hatching to about the first 
week in July (Darrow 1939, Bump et al. 1947:221, Stewart 1956). The 
final transition to a typically adult diet of vegetable matter occurs 
during the fifth to seventh week of life (Kimmel and Samuel 1978). 
For approximately the first 3 wekks after hatching, chicks generally 
feed in mid-morning and late afternoon (Hungerford 1951, Robertson 
1976, Maxson 1977). The chicks assume a crepuscular feeding schedule 
similar to adult birds later in the summer. Adult hens have been 
recorded feeding heavily on insects in the early spring in New York 
(Euler and Thompson 1978). 
Few studies have addressed food habits of ruffed grouse during 
the sunnner, but leaves, fruits, and seeds, particularly those of 
clover (Trifolium spp.), bunchberry (Cornus canadensis), and sedges 
(Carex spp.) appear to be important (Brown 1946, Hungerford 1957, 
Korschgen 1966). 
In the fall, the diet gradually changes from fruits, nuts, and 
leaves to flower buds of sexually mature aspen trees (Gullion and 
Svoboda 1972, Doerr et al. 1974). In Utah, Phillips (1967) found rose 
hips (Rosa woodsii), aspen leaves, and the fruit of the meadowrue 
(Thalictrum fendleri) to be the major items in the fall diet. 
The winter diet for all sex and age classes is dominated by 
buds and twigs of sexually mature aspen trees (Brown 1946, Phillips 
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1965, Svoboda and Gullion 1972, Doerr et al. 1974). Chokecherry, 
rose hips (Marshall 1946, Phillips 1967), and other winter berries, 
nuts, buds, and twigs (Darrow 1939, Brown 1946, Marshall 1946, 
Doerr et al. 1974) are very important components of the diet in some 
areas. 
The nutrient content of seasonally available aspen components is 
apparently sufficient to maintain ruffed grouse throughout the year 
(Svoboda and Gullion 1972). Grouie use the leaves (Phillips 1965, 
Schladweiler 1968, Maxson 1978a), flower buds (Phillips 1965, Svoboda 
and Gullion 1972), vegetative buds (Huff 1970), catkins (Schladweiler 
1968, Svoboda and Gullion 1972), and the current year's twigs of 
aspen (Phillips 1965, Huff 1970, Svoboda and Gullion 1972) at some 
time during the year. Aspen is highest in protein during the early 
spring and decreases in value gradually during the sunnner, fall, and 
winter (Tew 1970). During winter and early spring, upper canopy 
flower buds and catkins contain the highest levels of protein (Huff 
1970). Crude fat levels, particularly from buds in the upper canopy, 
are highest in the winter (Huff 1970, Tew 1970) when energy requirements 
for maintenance and survival are greatest. Nutritionally, flower 
buds are of greater value than vegetative buds because they are 4 
times heavier but contain only 10% more moisture than vegetative buds. 
Vegetative buds, however, contain proportionally more calcium and 
lignin than flower buds at this time (Huff 1970). New twigs have more 
calories of metabolizable energy per gram than flower buds (Huff 1970) 
but less nitrogen, potassium, and iron than summer leaves ()ohnston 
and Bartos 1977). Both male and female leaves are high in protein, 
energy, and lignin and have proportionally more protein than either 
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staminate flower buds or catkins. Male catkins have more protein, 
crude fat, and calcium than male buds, but less protein than female 
catkins (Huff 1970). 
Although containing less fat and fiber, willow buds have more 
protein and carbohydrates than aspen (Doerr et al. 1974), providing 
an excellent winter nutrient supplement. Wood's rose hips, which have 
a low crude fiber and lignin content and a high proportion of nitrogen 
free extract, may also be a valuable source of digestible energy in 
winter (Welch and Andrus 1977). 
Characteristics of Habitat 
A high degree of diversity both within a habitat type and among 
proximal habitat types increases the number of grouse potentially 
capable of being supported on a given area (Bump et al. 1947:169). 
Brood cover is the single most important component of grouse habitat 
(Berner and Gysel 1969, Robertson 1976). 
Activity centers of breeding males in the spring are generally 
located in habitats consisting of well-stocked stands of pole-sized 
aspen (Berner and Gysel 1969) with mature aspen in the area as a 
food source (Gullion 1977). Overhead canopy closure is generally 
less than 60%, resulting in a moderately dense understory of woody 
shrubs and young trees (Boag and Sumanik 1969, Berner and Gysel 1969, 
Rust' .h r1nd Kei.th 1971a) allowing the drunnning male to survey the area 
for ground predators. The dense shrub layer characteristic of 
drununing sites provides protection from avian predators (Gullion and 
Marshall 1968). A Utah study found that all drumming logs were 
within clones of male aspen (Phillips 1965). 
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Nesting habitat generally consists of stands of 10 to 25 year 
old sexually mature aspen (Gullion 1977) with a moderately dense 
ground cover about 20 cm high (Berner and Gysel 1969) by hatching 
(Maxson 1978a). A well developed understory of young aspen may 
increase the quality of a site for nesting (Berner and Gysel 1969). 
Losses to predators may be greater in areas with very low density of 
ground cover. In optimum habitats, mature female (Maxson 1978a) 
and male aspen trees are often found within 9 m of the nest site 
(Gullion 1977). 
Optimum brood habitat includes the proper interspersion of 3 
principal components: 1) a good source of sunnner foods; 2) suitable 
cover for loafing; and 3) suitable cover for roosting (Hungerford 
1957). From hatching to early July, feeding habitat consists of 
young dense stands of sapling aspen less than 10 years old (Sharp 
1963, Gullion 1977, Kubisiak 1978) which are often located near streams 
(Marshall 1946, Stewart 1956, Hungerford 1957, Sharp 1963). The 
open overstory canopy structure in these sapling stands results in a 
highly diverse and dense ground cover of herbaceous vegetation 
(Sharp 1963, Berner and Gysel 1969, Kubisiak 1978) 40 to 76 cm tall 
(King 1937, Berner and Gysel 1969). Broods loaf in dense thickets 
during the day, often in the vicinity of streams (_Marshall 1946, 
Hungerford 1953, Stewart 1956, Robertson 1976), and roost in dense 
clumps of young conifers (Bump et al. 1947:296, Hungerford 1953, 
Barrett 1970, Godfrey 1975a). Broods either move downslope as the 
season progresses (Marshall 1946, Hungerford 1953, Robertson 1976) 
or up to drier ridges which support berry-producing species and bare 
ground for dusting areas (Stewart 1956, Berner and Gysel 1969). A 
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study in Pennsylvania (Sharp 1963) indicated that most hens with 
brood preferred open clearcuts when available, but that a small 
proportion of hens would use unmanaged areas. In Utah, family 
groups spent much of the day in open stands of aspen which included 
dense clumps of chokecherry and willow (Robertson 1976). 
Solitary adults in the central states spent the spring and 
sunnner in alder (Alnus spp.} thickets (Maxson 1978a, Kubisiak 1978) 
or well-stocked stands of pole-sized hardwood trees (Kubisiak 1978) 
with moderately dense shrub and sapling layers (Berner and Gysel 1969). 
Fall habitat of all sex and age classes is generally similar to 
that used by breeding males with the exception that the understory 
canopy and ground cover vegetation are less dense (Berner and Gysel 
1969). Stands of mixed hardwoods and mixed aspen-hardwoods with brushy 
overgrown edges are important (Edminster 1955, Berner and Gysel 1969, 
Robertson 1976). Although Svoboda and Gullion(l972) found mature male 
aspen to be the major food item at this time of year, Robertson 
(1976) found no grouse in pure aspen stands. Robertson hypothesized 
that grouse may select for greater aspen abundance until a threshold 
is reached at which time they may select for greater diversity. 
During the winter, ruffed grouse roost in deep, soft snow in 
sexually mature stands of pole-sized aspen whenever possible 
(Berner and Gysel 1969). When the snow is crusted or less than 30 cm 
deep, grouse will roost in hardwoods or at the base of trees 
(Phillips 1965). Although the use of conifers was formerly thought 
to be critical to survival (Bump et al. 1947:159, Edminster 1955, 
Korschgen 1966), studies in Minnesota indicated that use of conifer 
stands, particularly those composed of self-pruning species, may lead 
to increased predation from avian predators which use the conifers 
for hunting perches (Gullion and Marshall 1968). Phillips (1965) 
found no use of conifers for winter cover in Utah. 
Habitat Management 
The general consensus of managers and researchers in the east 
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and mid-west is that manipulation of aspen communities can result in 
increased grouse production (Sharp 1963, Berner and Gysel 1969, Gullion 
1977, Perala 1977). It is not known, however, the extent to which 
aspen manipulation procedures will increase the quality of habitat for 
ruffed grouse in forest communities characteristic of the 
Intermountain West. Areas that lack a good distribution of as pen or 
that support an abundance of conifers generally respond poor ly tc 
management attempts (Gullion 1968). The preliminary consid eraticns 
for planning any management strategy for ruffed grouse are: 
1) determine the desired composition and structure of the plant 
communities for the most effective habitat configuration; 2) chcose 
sites which already have good potential for ruffed grouse production ; 
and 3) select the most practical and economical method s for 
achieving the desired conditions. Diversity is one of the maj or 
characteristics of good ruffed grouse habitat and should be a 
primary concern in the development of any management scheme (Ber ner 
and Gysel 1969). 
Gullion (1977) and Berner and Gysel (1969) recommend managing 
areas 16 ha in size by cutting blocks, circles, or strips 4 to 5 a 
in size within each management unit on a 10 to 20 year rotatio n, 
They felt this procedure would provide the proper interspersion of 
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vegetation types for year-round requirements of ruffed grouse. The 
following are specific vegetation types and abundance that should 
be planned for: 1) 5% to 10% of the area should consist of open 
canopy sucker aspen stands less than 10 years old with dense 
understory vegetation and food shrub borders for brood cover and 
feeding habitat; 2) 40% to 45% of the area should consist of 10 to 
25 year old aspen stands for wintering, nesting, and drunnning habitat; 
3) 40% to 45% of the areas should consist of mature aspen stands 
greater than 25 years old for feeding in the fall, winter, and spring. 
This schedule would result in 25% to 33% of each activity unit 
providing one of the 3 habitat requirements (Berner and Gysel 1969, 
Gullion 1977). Food trees and shrubs other than aspen may be retained 
as long as they do not inhibit aspen sucker growth (Edminster 1955 , 
Gullion 1968, Berner and Gysel 1969). During the clearcutting 
operation, understory should be removed or broken to increase light 
intensity at the soil surface to stimulate suckering. Heavy machinery 
should be used carefully to avoid damaging aspen root systems 
(Gullion 1977). Controlled burning may be a viable alternative for 
removing slash and shrubs, but it must be done within 2 years of 
cutting to be effective without damaging aspen regeneration. Aspen, 
however, is characteristically difficult to burn without optimum 
burning conditions (Mueggler 1976).. All brush piles should be 
removed to eliminate predator cover (Gullion 1968), 
Food and cover conditions are optimal for grouse broods 
approximately 3 to 5 years after clearcutting when aspen regeneration 
is about 80 to 100 cm tall. At this rate of growth, suckers rapidly 
outgrow browsing pressure, reducing the need for buffer browse 
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species (Polderboer 1942, Sharp 1963). Production of herbaceous 
vegetation is also greater under aspen stands than in open areas 
with direct solar radiation (Ellison and Houston 1958). Within 8 to 
10 years following clearcutting, aspen stands are too dense for 
brood cover, but adequate for breeding, winter feeding, and winter 
cover (Sharp 1963). 
Heavy grazing by livestock in early spring and summer may 
remove food and cover required by broods for survival. Light to 
moderate grazing or grazing in the late sunrrner and fall does not 
affect as greatly the quality of vegetation stands for brood use 
(Polderboer 1942, Robertson 1976). 
Specific strategies for achieving the desired interspersion and 
quality of habitat are discussed fully in the literature (Bump et al. 
1947:605-666, Edminster 1955, Hale and Dorney 1963, Sharp 1963, 
Gullion 1968, Berner and Gysel 1969). Some approaches worth noting, 
however, are: 1) use drainage patterns and soils as indicators of 
potential brood range; 2) use brood habitat as the focal point; 
3) use some pattern of clearcutting to maintain an interspersion of 
various age classes in even-aged blocks; 4) use a cutting cycle which 
will maintain younger and older aspen stands in close proximity; and 
5) maintain dense shrub borders in small openings and along trails 
(Berner and Gysel 1969). 
In many areas of ruffed grouse range, management of the aspen 
resource for timber and ruffed grouse can be planned 
simultaneously because of the commercial value of aspen in these 
areas (Perala 1977). However, in the Intermountain West, aspen 
currently has very little commercial value (Jlronek 1976). As a 
result, the full cost of aspen manipulation would have to be borne 
by the managing agency. Firewood cutting programs in the vicinity 
of urban areas may prove to be a useful tool. 
Capture Techniques for Research 
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Several techniques, each aimed at exploiting differential 
vulnerability due to sex and/or season of year, have been used to 
capture ruffed grouse. The lily-pad, or clover-leaf, trap as first 
described by Liscinsky and Bailey (1955) and modified by Dorney and 
Mattison (1956), Chambers and English (1958), and Gullion (1961, 1965), 
is most successful during late surmner and fall when birds are most 
mobile (Liscinsky and Bailey 1955, Dorney and Mattison 1956), or 
during the winter with bait (Gullion 1961, 1965). The principle of 
this trap is to either lead a walking bird to the entrance using a 
fence lead placed securely on the ground (Liscinsky and Bailey 1955, 
Chambers and English 1958) or to bait the bird into the trap using 
dyed corn (Gullion 1961, 1965). The grouse enters the trap through 
a one-way opening and is held for processing. 
Drumming males can be caught on their drumming log using a 
trap which exploits their aggressive behavior during territorial 
defense. The mirror trap, described by Tanner and Bowers (1948), 
and modified by Bendell and Fowle (1950), Chambers and English (1958), 
and Gullion (1965), is a cage with a mirror at one end in which the 
territorial male sees a "rival". When the male enters the trap to 
attack the bird in the mirror, a trip mechanism shuts a trap door, 
blocking the entrance. Obviously, this trap is most effective during 
the spring drunnning period, but Gullion (1965) has used it 
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successfully as a bait trap in the winter for capturing both sexes. 
Fischer (1974) described a net placed over the drunnning log that 
is pulled tight by an observer when the drunrrning male is centered on 
the net. This same technique was reported by Bendell and Fowle 
(1950), using a net, and Bump et al. (1947:717), using a wire cage, 
for capturing hens on nests. Coulter (1958) described a nest net 
tripped by the bird itself which has been used successfully for 
ruffed grouse. 
An effective procedure for capturing any sex or age grouse 
that will sit in a tree is described by Zwickel and Bendell (1967 ). 
An expandible fishing pole, 20 feet long, is fitted with a small 
noose at the tip, which is slipped over the bird's head. This 
technique is commonly used for both ruffed grouse and blue grous e 
(Dendragopus obscurus). 
Huempfner et al. (1975) developed a portable nightlighting 
system for catching transmittered grouse in a snow roost or tree 
roost. Healy et al. (1980) used a recording of chick gatherin g 
calls to locate hens with brood. He found he could save, on th e 
average, 11.6 man-hours per brood located using this tape. 
:Marking and Radio Telemetry 
Several methods have been used successfully to mark individual 
ruffed grouse for future identification .. Each method has advantages 
and disadvantages depending on field conditions and research 
objectives. Leg o.anding, backtagging, and feather dyeing are 
discussed hy Gullion et al. (1962). They found that dyeing the 
feathers of hens and juveniles · provided the best method of short-term 
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field identification during July and August because the birds 
could be identified by observation, presence of molted dyed feathers, 
or the remains of feathers at a predator kill. Banding with 8 colors 
of aluminum leg bands in combinations of 4 allowed over 4000 
different combinations and did not mutilate legs. However, bands 
were often ingested by raptors as they consumed marked grouse, thus 
precluding identification of the individual grouse. Backtagging was 
effective for field identification by observation and at raptor kills, 
but may increase the vulnerability of marked birds. The rate of 
population turnover was twice as high in areas where backtagging was 
used as a marking technique than it was in areas where only colored 
leg bands were used. However, the authors felt that backtagging 
was a useful technique for short-term studies. The durability of 
different materials used for backtags is discussed by Labisky and 
Mann (1962). 
The use of radio telemetry has proven to be an effective ~ethod 
for identifying individual grouse and monitoring their movements and 
activities. Boag et al. (1973) found no difference in the ability 
of backtagged and radio-tagged red grouse (Lagopus lagopus) to 
establish territories or produce chicks. Survival of radio-marked 
birds was rio different than that of backtagged birds. Laboratory 
studies on the effect of radio-marking on red grouse (Boag 1972), 
however, found that radio-marked birds showed lower levels of 
activity and food intake for the first week after marking. Studies 
by Lance and Watson (1977) indicated that fitting a red grouse hen 
with . a radio transmitter early in breeding apparently impaired her 
ability to successfully produce chicks. Results of this study also 
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suggested that transmittered birds in a flock flushed later and more 
slowly than unmarked birds. Research by Herzog (1979) indicated that 
spruce grouse (Canachites canadensis) readily adapted to radiomarking 
and that the movements and rates of mortality of marked and unmarked 
grouse were not significantly different. Three incubating, 
transmittered hens found dead on or near their nests showed signs 
of renal gout, but the authors did not know if there was a 
relationship between this cindition and radiomarking. 
Different attachment designs for radio transmitters are 
discussed by Marshall and Kupa (1963), Brander (1968), Anon. (1979), 
and Amstrup (1980). 
Sex Determination 
No criterion for either sexing or aging, other than internal 
examination, is infallible (Gower 1939, Petrides 1942, Hale et al. 
1954, Davis 1969). Several established methods when used together, 
however, can provide satisfactory results. 
From age 13 weeks, ruffed grouse can be sexed with only 0,3 % 
error using the number of dots on the distal end of rump feathers 
(Roussel and Ouellet 1975). The pattern of the terminal band of 
the rectrices (Gullion 1964) and the length of the plucked middle 
rectrix can be used with slightly greater error to determine sex 
(Hale et al. 1954, Gullion 1964} . Sex-specific measurements of the 
middle rectrix vary geographically (Bump et al. 1947:45, Hale et al. 
1954, Gullion 1964, Davis 1969). Additional characteristics which 
can be used to sex adults are: 1) ventral shaft pigmentation of the 
middle rectrix; 2) shape of the distal tip of the rectrices; 
3) length of the central rectrix compared to the length of the 
ninth primary; 4) length of the middle toe (Gullion 1964); 
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5) lengths of primaries 8 and 9; 6) calamus diameter of the middle 
rectrix (Davis 1969); 7) length of the middle rectrix barbs 
(Dorney 1966); and 8) distinctive behavior (Bump et al. 1947:45). 
Sex determination of ruffed grouse less than 13 weeks of age is 
based on color of the eyepatch, amount of peeping when handled, and 
comparative feather development (Palmer 1959). A listing of 
seasonally significant sexing criteria is found in Table 23. 
Age Determination 
Aging criteria are generally based on characteristics and 
condition of feathers associated with the various molts. Chicks up 
to age 17 weeks can be aged using the wing and body feather 
development charts and descriptions in Bump et al. (1947:79-90). 
Since ruffed grouse juvenile primaries have pointed tips, and 
juvenile primaries 9 and 10 are not molted until the spring following 
hatching, the condition of the tips of primaries 9 and 10 can be used 
as general aging keys from fall through spring (Bump et al. 1947 : 84, 
Hale et al. 1954, Dorney and Holzer 1957). The molt chronology of the 
primaries can also be used from fall to spring to separate juveniles 
from adults (Hale et al. 1954, Dorney and Holzer 1957, Wenstrom et al. 
1972). Quantitative criteria using characteristics of the primaries 
and rectrices have been developed in several states (Dorney and Holzer 
1957, Davis 1969, Rodgers 1979), but the applicability of these 
criteria to other geographical areas is unknown. A listing of 
seasonally significant aging criteria is found in Table 24. 
Table 23. Criteria for determining the sex of ruffed grouse. 
---------------- - - -- - ----
Criteria 
----
Winter to Spring 
l) Dots on rump feathers 
Summer 
l) Dots on rump feathers (adults) 
2) Eye patch and feather development 
(chicks) 
fall 
l) Dots on rump feathers (greater 
than l) weeks old) 
2) Tail terminal band pattern 
)) Plucked, mid-rectrlx length 
4) Hid-rectrlx shnft pigmentation 
-- -- - -------- -
t'_c_~~ 
l <lot (Cir ..:,it .,r , ,1rrm.1, tr ,111sC'rvse) 
I J o t 
~in wc<>L:.s 
R-!0 
cy0 p~tcl1 colorless, 1,cc1,s mor0 
1,,•IH'n h,1ndlt.•d, l.1g in fc,1tlu'r 
dcvrlopmc11t 
10-12 
s~1mp as .,hove; sm.111 ruff 
12-14 
same ns above: adult character-
istics (rump feather dot) 
l <lot 
obscured (blotched-sex l111k) 
less tl,~n 14. 9 cm 
1-2 lonp, n.1rro"' strips 
H.1lc 
2-) dots vcrtt c ;1ll y 
2-) dots 
eye patct, hrigt1t red, pcc11s very 
little vlicn h.,ndled, featih 'r 
<lcvclopmc11t .,J1cnd 
same ns above; larger rl1ff 
snme as above; adult cl1_,r.,ctcristi ~s 
(rl1mp fcatl,er dots) 
2-3 dots 
cle.:lr or fuzzy 
Are;\ter th.in 15 cm 
irregular transverse band~ 
Authority 
Rousse 1 and 
Ouellet 1975 
Roussel and 
Ouellet 1975 
P., lmer 1959 
Roussel and 
Ouellet 1975 
Gullion 1964 . 
Hnlc ct nl. 1954 
ll,1lc ct nl. 1954 
I-' 
I.,.) 
0 
Table 24. Criteria for determining the agea of ruffed grouse. 
Criteria 
Spr1ng 
1) Sheathing on P8b to PlO 
2) Contour of P9 and PlO 
3) Bursa of fabricius 
Summer 
1) Chick primary mole 
.fal l (mid-July to mid-November) 
1) Sheathing on P7 to PlO 
2) Contour of P9 to PlO 
3) Bursa of Fabricius 
Winter 
1) Sheathing on PS to PlO 
2) Contour of P9 to PlO 
3) Bursa of Fabricius 
Juvenile 
sl1e atl1 only on rs 
po inted tips 
open (not used) 
key to prim~ry molt 
only On PS after l) WCCkM 
po inted tips 
~rcater than 6mm 
s he .1th only on rs 
pointed tips 
open (c loses l ~lar. 
Bump ct a l. 1941) 
Adult 
sheath on PB to PlO 
rounded tips 
clos~d 
on P9 co PIO; if P9 blood 
quill with rounded tip and 
P19 hard with pointed tip -
1-1/2 yrs; if PIO rounded -
2-1/2 yrs. 
rounded tips 
less than 6mm 
sl1cath on P9 and PlO 
rounded tips 
clos e d 
3 10 to 15 weeks - Incompletely grown rcctrl ces . Grea ter than 13 week s - adult (Rusch and Keith 1971b). 
bPrimary 
.Author~__y_ 
Oorncy .ind llolzcr 195 7 
Dorney and Ito l zcr 19) 7 
Dorney and Hol1:l"r 1957 
Bump et al. 1947 
lf,1le et al. 1954 
Hale et :il. 1954 
llalc cc al. 1954 
llalc et ,11. 1954 
Hale ct al. 1954 
ll.1 l c et at. 1954 
f-' 
w 
f-' 
Population Sampling Techniques 
The most commonly used method of estimating ruffed grouse 
abundance and population size is counts of males heard drurrnning. 
This technique involves the establishment of "listening stops" 
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0.25 mile s apart on usable raods through ruffed grouse ha~itat. At 
dawn and dusk during good weather the number of grouse heard drurrnning 
in 4 minutes at each station is recorded (Hungerford 1953, 
Petraborg et al. 1953, Dorney et al. 1958, Ammann and Ryel 1963, 
Gullion 1966). While this is a relatively simple technique, field 
personnel change from season to season, reducing its effectiveness 
(Armnann and Ryel 1963). Additionally, studies in Wisconsin found 
that drurrnning originating from territories located greater than 50 m 
beyond the visible crest of a ridge could not be heard. Drumming 
counts should be started at the sanie end of a transect in order to 
consistently account for such topographical irregularities (Rodgers 
1981). Archibald (1974) found a substantial increase in the intensity 
of drumming sound in the direction a male faced when drunnning, 
indicating that directionality should be considered in conducting 
and analyzing the results of drumming counts. Although the actual 
r e lationship between numbers heard drumming and number of grouse in 
the breeding segment of the population is assumed to be weak, a high 
correlation has been shown to exist between survey results and 
subsequent fall harvest levels (Gullion 1966, Stoll 1980) and winter 
flush counts (Dorney et al. 1958). If done consistently, this 
technique may provide an index to regional population trends 
(Hungerford 1953, Gullion 1966, Rodgers 1981). 
The total census of drumming males, by locating drumming logs, 
provides the best estimate of breeding density, This approach, 
however, should not be used in areas much smaller than 400 ha. 
Apparent changes in population size based on a census of drumming 
males in an area as large as 256 ha in size may indicate changes 
in only 1 or 2 activity clusters of male grouse and is probably 
independent of general population trends (Gullion 1966). 
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The King strip census (Leopold 1933:151) with modifications 
discussed by Hayne (1949) was developed as a population estimator 
for flushing species. It requires that individual birds not move in 
relation to the observer before they flush. The closely related 
line transect sampling technique assumes, in addition, that individuals 
be counted only once, all sightings be independent, clusters of 
individuals be tight and completely counted, and that the observer 
stay strictly on the straight line transect (Anderson et al. 1979). 
The advantage of these techniques is that the results can be 
analyzed statistically if the assumptions are carefully met. For 
a more complete discussion of both methods, the advantages, and t he 
assumptions of strip censuses and line transect sampling in 
relation to ruffed grouse, see Hayne (1949), Palmer and Eberhardt 
(1955), Gates et al. (1968), Eberhardt (1968), Wilbur and Landwehr 
(1974), Robinette et al. (1974), Eberhardt (1978), and Anderson et al. 
(1978). 
Sunnner counts of ruffed grouse broods may give a reasonable 
index of fall population levels (Ammann and Ryel 1963), but research 
in Minnesota indicated that counts. of brood size underestimated the 
true brood size in early sunnner by 54% and later in the season by 
40% (Godfrey 19.75b.}. 
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More subjective sampling methods include winter flush counts 
conducted during winter deer research (Dorney et al. 1958) and mail 
carrier surveys conducted seasonally by mail carriers. Opinion 
surveys mailed to knowledgeable people who spend a great deal of time 
in the field, kill records from hunting clubs, and hunting season 
check stations provide some data on population trends (Annnann and 
Ryel 1963). 
Ruffed grouse hens with brood can be attracted to a tape 
recording of chick gathering calls (Healy et al. 1980). Healy 
suggested walking or driving transect lines and playing the tape for 
4 to 5 minutes at each station, which are located at least 150 m 
apart. Since the call is audible for approximately 65 m, the number 
of hens with brood per unit area can be calculated. 
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